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SUMMARY
An investigation was carried out into the effect of 2-4 
dichlorophenoxyacetic acid (24D) and other herbicides on soil 
populations. Experiments were devised to test the hypothesis that 
the initial lag period in detoxication is a combination of a period 
of adaptation followed by proliferation.
Methods employed were dilution plate counts, variations in 
conditions of treatment, respiration studies, the use of a 
bacteriostat and pre-enrichment of the soil with autotrophic 
organisms.
An active organism, which would decompose 24D when inoculated 
into an aerated suspension of sterile soil, was isolated from soil 
enriched to this herbicide.
There is a significant correlation between 24D concentration 
and bacterial numbers in the soil. Applications of this herbicide 
stimulated the rate of respiration of an enriched soil and of a 
culture of the isolated active organism. Results indicate complete 
oxidation of the molecule. The evidence suggests that the organisms 
responsible occupy sites on the surfaces of the soil crumbs where 
the anion is adsorbed. These sites are quite distinct from those 
occupied by the nitrifying sind thiosulphate-oxidising autotrophs. 
Proliferation of organisms begins on the fifth or sixth day of treat­
ment, at which time it is calculated that a slow breakdown of 
herbicide begins. It was concluded that the organism responsible
for the detoxication of 24D in soils undergoes a period of 
adaptation to the new substrate, lasting five or six days. During 
the following time, all the sites on the soil crumbs where the 24D 
anion can be adsorbed are occupied to give a saturated soil. vVhen 
herbicide is reapplied, rapid breakdown ensues accompanied by a 
high rate of carbon dioxide evolution and sufficient proliferation 
to replace those bacteria which have died.
It is probable that a similar process occurs when soil is 
treated with other phenoxyacetic acids.
GENERAL INTRODUCTION
Since the discovery of the selective weedkilling properties 
of various plant growth-regulators and the adoption of their use 
in agricultural practice, a certain amount of interest has been 
centred on the persistence of these compounds in soils. For the 
subsequent cultivation of sensitive crops, it is essential that 
the herbicides applied to the soil shall not remain active in 
concentrations liable to cause damage. Early investigators have 
studied the effects of leaching, liming, water content, organic 
content and nature of the soil on the rate at which the compounds 
disappear. The majority of workers have used pots of soil treated 
in various ways and have employed either indicator crops, such as 
beans, barley, African marigold and white mustard, or the cucumber 
root elongation test of Ready and Grant (42) to detect changes in 
the concentration of the compound. Such methods, while providing 
a considerable amount of information, gave only a rough indication 
of the course of the detoxication. Using a modification of the 
Lees and Quastel soil perfusion technique (Audus (2)) and cress 
root assay (Audus and Quastel (6)) Audus has followed the dis­
appearance of 24D and related compounds from day to day (Audus (5))* 
It was found that, with a 10 ^ solution, after a small initial fall 
in herbicide concentration, attributed to adsorption on to soil 
colloids, the toxicity of the perfusate remained unaltered for 
periods of ten to fourteen days. Following this so-called * lag
period' there was a sudden marked fall in the 24D concentration 
resulting in complete detoxication after one to three days. Further 
additions of 24D were completely broken down in one to two days.
These observations suggested that perfusion of a soil with 24D 
'induces or facilitates the proliferation of a soil organism 
adapted for 24D breakdown, and that the detoxication curve is a 
reflection of the growth curve of that organism' (Audus (5))* The 
isolation of an organism of the B. globiforme type of Lochhead and 
Taylor (*3^ )) which would cause rapid breakdown of 24D when inoculated 
into sterile soil, and the inability of a sterilised soil to effect 
detoxication (Audus (5 )) proved the microbiological nature of the 
process. It has, thus, now become generally accepted that the break­
down of hormone herbicides in the soil is brought about by bacterial 
action.
The pattern of 24D disappearance in soil was confirmed by 
Newman sind Thomas in 1949 (36) who also studied the breakdown in 
liquid media inoculated with soil suspensions. These workers, 
however, made no attempt to correlate the process of detoxication 
with changes in the bacterial flora during the lag period or on 
subsequent applications of the herbicide. The only investigations 
into this aspect of the subject^ which have been reported in the 
literature deal v/ith overall changes in the micro flora as determined 
by plate counts of bacteria, actinomycetes and fungi made before and 
after treatment of a soil with herbicides. Results have been very
contradictory, varying both with the type of soil examined and the 
nature of the culture medium employed.
The work presented in this thesis is mainly concerned with 
detailed studies on the effect of various herbicides on the bacterial 
population of a garden soil, and an attempt to elucidate the nature 
of the observed lag in the onset of detoxication.
In the first part, the problem is attacked by direct methods 
using simple plate culture techniques, different methods of sampling 
and various types of media and incubating conditions. The 
possibility of distinguishing the active organisms from the inactive 
when growing on agar containing 24D is investigated. The herbicides 
employed are 2-4 dichloro-, 2-methyl-4-chloro-, and parachloro- 
phenoxyacetic acids and maleic hydrazide.
The second part is concerned with the indirect approach where 
the effects of bacteriostatic agents and perfusion in the absence 
of oxygen and carbon dioxide are recorded. Respiration studies 
employing both the Pettenkofer and Warburg methods are carried out 
and carbon dioxide production is correlated with changes in numbers 
of certain organisms and with the amount of herbicide added.
jyT In the third part experiments employing pure cultures of 
bacteria isolated from garden soil are described.
^  The final section deals with the effect of herbicides on the 
activities of autotrophic micro-organisms in the soil and investigations 
concerning the pre-enrichment of soil with certain autotrophs in 
relation to herbicide persistence.
P A R T  O N E
INTRODUCTION
Interest in the effects of synthetic plant growth-regulators 
on soil populations and the persistence of these compounds in soils 
dates from the work of Slade, Tempieman and Sexton (44) and Nutman, 
Thornton and Quastel v/ho showed that 2-4-dichiorophenoxyacetic 
acid, and other compounds with similar properties, will kill weeds 
when applied directly to the soil. In agriculture, it has become 
the practice to destroy weeds either by spraying the foliage or by 
direct application of the herbicide to the soil, when the weed 
seedlings are killed on germination. This pre-emergence treatment 
caused concern to some authorities who suspected that the active 
compounds might have a deleterious effect on the soil microflora. 
Consequently, much work has 'been done to investigate the action of 
herbicides on the micro-organisms present in the soil. Although 
for a time it was not evident whether leaching, chemical or biological 
factors were chiefly responsible for the ultimate disappearance of 
herbicides from the soil, a considerable amount of information was 
amassed concerning factors affecting the persistence of these com­
pounds. It was shown that 24N may remain active in the soil from 
periods of four weeks in muck (Hamner, Moulton and Tukey (19)) to up 
to eighteen months in fairly dry stored crumbs (Mitchell and Marth 
(34)). The physical nature of the soil will obviously affect the 
rate of leaching of 24D as shown by Hanks (21), while various workers
(Akamine (l), Brown and Mitchell (8), Crafts (lO) and Jorgensen and 
Hamner (24)) have demonstrated that high soil temperatures facilitate 
the dissipation of 24D toxicity from soils. The results concerning 
the effect of soil pH are not in agreement. Akamine (l) finds that 
high pH values are associated with the rapid disappearance of 24D, 
whereas Crafts (lO) reports slower breakdown in neutral and alkaline 
soils than in acid ones. Kries (26) finds that in limed soils 24D 
persists longer than in unlimed soils but Akamine (l) can detect no 
difference in the rate of disappearance v/hen the pH of a soil is 
artificially increased by liming. It was also established that 
the addition of leaf mould to both limed and unlimed soils decreases 
the period taken for the complete removal of 24D (Kries (26)).
Although leaching, adsorption and chemical reaction can account 
for a certain amount of the loss of toxicity in soils, Audus (2),
(5)5 has shown conclusively that the main factor is bacterial attack 
upon the herbicide itself. In fact, a survey of the literature 
shows that the majority of factors which affect the rate of dis­
appearance of these compounds - temperature, pH, water content - 
are also those which affect bacterial activity, while differences 
in the natural microflora could account for differences between 
various soils. It has been shown that hormone-decomposing bacteria 
exist in leaf mould and it would thus be expected that the addition 
of this material would hasten the removal of the applied herbicide.
Investigations into the effect of weedkillers on soil organisms
8have provided many conflicting results. In the main, the experi­
ments may he divided into two types : those where pure cultures of
organisms are treated with the herbicides and the effect on growth 
rate, biochemical reactions and morphological characteristics is 
noted, and those designed to determine the effect of the active com­
pounds on the organisms in the soil and to detect any overall changes 
in the microflora.
Stevenson and Mitchell (48) found that 0.02?^  24D and its sodium 
salt retarded the growth of four bacteria in potato-dextrose agar, 
while O.O85Ê completely prevented the growth of three of these 
organisms. Dubos noted an inhibition of many human pathogenic 
species by 24D on casein-hydrolysate-yeast extract medium in con­
centrations greater than O.OIJ^ . Lewis and Hamner (29) used the 
filter paper disc technique to investigate the effect of 24D on ten 
species of bacteria and fungi. The bacteria were cultured on 
nutrient agar at pH 6.8 and the fungi on malt agar pH 5*5* The 
24D had no effect in concentration up to 1,000 ppm (0.00%^). 
Turbimetric studies were carried out by Newman (35) on eight 
unidentified bacteria isolated from soil. Bacillus globigii and 
Bacillus subtilis. The organisms were grown in glucose-peptone 
broth pH 7*3 with various concentrations of 24D and growth measured 
after five hours using an Evelyn photo-electric colorimeter. He 
found that none were affected by 5 PPm, but at 25 ppm two organisms 
(B s , subtilis and a Gram positive rod) showed an increased growth.
one Gram negative rod showed no effect, while the remainder 
exhibited less growth than the control cultures grown under the 
same conditions but in the absence of 24D. He suggested that 
the stimulated organisms were utilising 24D as a source of energy. 
Worth and McCabe (54) streaked various bacteria onto agar con­
taining 24D in various concentrations from %  to 0.001^. It was 
found that four aerobic species were inhibited by the herbicide, 
three facultative anaerobes showed a small stimulation of growth 
and of three anaerobes, one grew slightly better than the control 
while the others shov/ed no difference, Stapp and Freter noted 
that 0.01/è to 0.1^ were the lowest concentrations of the sodium 
salt of 24D having an effect on various soil bacteria. From 
their experiments they concluded that the practical use of 24D 
may result in injury of the bacterial flora of the upper layers 
of the soil.
The procedure in the second type of experiment used by many 
workers was to apply the herbicide to soil in pots and incubate the 
whole at constant temperature. Soil samples are taken at the 
beginning and at various intervals during the experiment, suspended 
in water and suitable dilutions plated onto solid culture media.
The plates are incubated and counts of bacteria, actinomycetes and 
fungi made after a certain number of days. Newman and Norman (38) 
were among the first to carry out experiments of this kind using 
Thornton's medium for plating the soil suspensions. They could
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find no effect of 24D unless it was added in quantities in excess 
of that normally used in agricultural practice. Smith, Dawson and 
Wenzel (45) agreed with these findings using the same method hut 
plating the suspensions onto soil extract agar. 0.5 to 100 ppm 24D 
had no effect on the total numbers of bacteria in sandy soil or silt 
loam. Martin (33), however, found that although 10 ppm 24D had no 
appreciable effect on total plate counts, in a soil of low pH, 100 
ppm caused an initial fall in numbers follov/ed by a rise. This 
fluctuation was not observed in an alkaline soil. With 1,000 ppm 
and 10,000 ppm the converse was true, that is, the alkaline soil 
exhibited a preliminary decrease followed by an increase in numbers 
while the acid soil did not. Martin concluded that either there 
are certain bacteria using 24L as a carbon source, or that some soil 
bacteria are resistant and utilise the remains of non-resistant 
bacteria which have been killed. The observed fluctuation in numbers 
has been confirmed by Marcelli (32) and Koike and Gainey (25).
Marcelli applied large doses of 24D to soils and proposed that the 
initial decrease in the soil population is due to the bacterio@*atrc 
effect of 24D. After a few weeks, resumption of division results 
in an increase in numbers. Koike and Gainey (25) performed a more 
detailed experiment than those of other workers, samples being taken 
at more frequent intervals. Egg albumin agar pH 7.2 was used for 
plating the suspensions. In general, in a silt loam soil, 24D had 
no appreciable effect but when it was applied at the rate of 25 lbs
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per acre or more, a temporary rise in bacteria numbers was noted.
The magnitude and duration of the rise became greater as the 
quantity of herbicide increased. On the whole, the increase lasted 
for four to eight weeks. This lead these workers to believe that 
24D might be functioning as a sterilising agent bringing about a 
partial sterilisation phenomenon. Consequently, they investigated 
changes in total bacteria numbers in a sandy loam at various short 
intervals after the application of 24D in different concentrations.
It was found, ho?/ever, that this herbicide did not function as a 
sterilising agent in this soil and no marked increase in the 
bacterial flora was recorded in fourteen days with rates of 
application of up to 50 lbs per acre.
None of the investigators whose work has been reviewed above 
have made any attempt to correlate the changes in the microflora with 
the course of detoxication of the herbicides. Although 24h toxicity 
will eventually disappear from all the soils so far investigated, 
only three active bacteria have been isolated. It is obvious, 
therefore, that the ability to metabolise 24D and its allied 
phenoxyacetic acids is not a common property of soil organisms. The 
nature of the detoxication curve suggests that a hormone-decomposing 
bacterial population is established in the soil, and speculation is 
aroused concerning the substantial lag period. The normal role of 
the active bacteria which have been isolated so far is uncertain and 
it is not known whether they possess constitutive enzymes enabling
12
them to attack the herbicides or if their activity depends on the 
manufacture of adaptive enzymes. If the first is true, then the 
lag period may be regarded as the time required for a small number 
of organisms to proliferate to a threshold level before which any 
loss in toxicity cannot be detected. In the second case, it would 
represent the interval during which the organisms are developing 
the necessary adaptive enzymes. This may, but need not, be 
accompanied by division.
In order to elucidate these points it was decided to investigate 
more closely changes in the bacterial flora of a garden soil during 
the lag period and on further applications of herbicides.
13
EXPERIMENTAL METHODS
A Most of the work hitherto carried out has been done with soil 
samples treated and incubated in pots under controlled conditions 
of temperature and moisture. Using this method, hov/ever, 24D takes 
from four to eight weeks to disappear while other herbicides may 
take even longer. Loss in toxicity has been determined by the use 
of indicator plants and more accurate changes in concentration of 
herbicide followed by the cucumber root elongation test of Ready 
and Grant (42). The first method is not very reliable and the 
second tends to give erroneous results due to the presence of soil 
particles in the test fluid. Using his modification of the per­
fusion technique of Lees and Quastel (27), Audus (2) has found that 
24D will completely disappear from a perfused soil in ten to four­
teen days. In addition, the perfusing fluid is readily sampled 
and can easily be assayed. Consequently, it was decided to use 
this method in order to shorten the duration of each experiment, and 
on account of the ease with which changes in 24D concentration 
could be follov/ed.
It was thought that if suitable samples from a perfuser were 
plated onto a basal medium containing no source of carbon and 
comparable samples were plated onto the same medium to which the 
herbicide had been added, then those bacteria capable of metabolising 
the herbicide would show up on the latter plates. Thus the rise 
of a population adapted to the breakdown of the herbicide would be
14
detected by an increase in numbers on the selective medium.
Soil from the Botany garden of Bedford College was used
throughout the investigation. The top six to eight inches of soil
were collected from the ssime area whenever required, dried by 
spreading in the air and sieved. Only the 2-4mm particles were
retained, these being most suitable for use in the perfusers.
The crumbs were stored in large glass containers, which has been 
shown to have no deleterious effect on the subsequent ability of 
the soil to detoxicate 24D (Audus (5))*
In each experiment, perfusers were set up each with ^Ogm soil 
crumbs in the cylinder and 200ml perfusing fluid in the reservoir. 
Samples of the perfusing fluid were withdrawn each day and the 
herbicide assayed by the cress root assay method (Audus and Quastel
(6), Audus (5))* In general, the perfusate was diluted with 
distilled water to give a theoretical range of concentrations from 
10,000 ppm to 100 ppm assuming no breakdown had occurred. Incubation 
was at 25^0 in darkness and not at an intensity of illumination of
4 foot candles as used by Audus.
Because of the mode of treatment of the soil it was impractical 
to attempt to obtain samples of the crumbs for diluting and plating 
out. The continual perfusion of liquid made it impossible to obtain 
comparable samples from which suspensions could be prepared. The 
24D-decomposing bacterium obtained in pure culture by Audus was
isolated from the perfusate of an enriched soil, which suggests that
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the active bacteria are not closely associated with the soil particles. 
It was therefore deemed possible to assume that any changes in the 
microflora of the soil would quickly be reflected in the numbers of 
various organisms in the perfusing fluid. Consequently, bacterial 
counts were made by diluting the perfusion fluid one in a hundred 
with sterile water and plating a known volume onto a suitable medium. 
Three plates were prepared with both the selective and basal media 
for each sample. After incubation at 25^C for ten days the number 
of colonies appearing on the plates was counted using a numbered 
grid and XIO binocular microscope.
The basal medium employed was made up as follows :
Ammonium dihydrogen phosphate 0.1 ^
Potassium chloride 0.02^
Magnesium sulphate 0.02^
Agar-agar 1.5 ^
The pH was adjusted to 7.0 with sodium hydroxide, using phenol 
red as indicator and the whole autoclaved at 15 lbs per square inch 
for twenty minutes. For the selective media, the herbicide was
added in the concentration required before the adjustment of pH.
All glassware was cleaned after use by soaking for twenty-four 
hours in ethyl alcohol and rinsing in hot, cold and finally distilled 
water to remove all traces of herbicides. For bacteriological work, 
petri dishes, pipettes and flasks were sterilised by heating in the 
oven at 140^0 for three hours.
Diagram of small perfuser used for preparing soil suspensions. 
5gm lots of soil perfused.Whole soil sample suspended and used 
for preparing dilution plates.
it
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When the cress assay showed that the perfusate was no longer 
toxic the concentration of herbicide was restored to its original 
level by adding the calculated amount of a 10,000 ppm solution 
through the side arm of the apparatus.
The herbicides were used throughout in the form of aqueous 
solutions of their ammonium salts unless otherwise stated. The 
ammonium salts were made by adding a few drops of concentrated 
ammonium hydroxide to the weighed herbicide in a small volume of 
water and boiling off the excess ammonia. The resulting solution 
was then cooled and made up to the desired volume with distilled 
water.
B In order to investigate changes in the number of soil organisms 
closely associated with the soil particles, it was necessary to 
devise a means of obtaining comparable soil samples for suspending 
and plating onto agar media. In place of the large perfusers, 
small similar sets of apparatus were used in which 5g portions of 
soil could be treated. The apparatus, which works under the same 
general principle as the large perfusers, is shown in the diagram 
overleaf. Air under pressure is led into the glass tube A and on 
emerging from the nozzle within tube B carries a small drop of liquid 
over into the tube C containing the soil sample. The liquid- per­
colates down through the soil crumbs and drips back into the reservoir 
through the hole in the base of C.
A whole series of such small perfusers was employed for any one
19
experiment, one being taken each day as a sample. The soil was
washed into the boiling tube with sterile water and the volume of
soil plus solution in the reservoir made up to 50ml. The resulting
suspension was well shaken to give an even distribution of particles
O f
and then diluted 1 in 1,000 with sterile water. Three OrOi samples 
were plated onto basal medium and onto basal medium containing 100 
ppm 24N. After incubation at 25°C for ten days, the colonies on 
the plates were counted by means of a grid and binocular microscope.
20
RESULTS
A 24-DICHLOROPHENOXYACETIC ACID (24D)
Experiment 1 - Preliminary
Two large perfusers were set up with 50g" garden soil crumbs 
and 200ml perfusing fluid, which in this case was a 100 ppm 
solution of 24D (ammonium salt). Samples of the perfusate were 
taken at intervals of two or three days and plated as described in 
the previous section onto basal medium, or medium containing 100 
or 1,000 ppm 24D.
In both perfusers, total counts of colonies appearing on the 
control plates (basal medium only) are roughly equal and follow the 
same general pattern. The numbers appearing on the medium 
containing 1,000 ppm 24D, however, are considerably less than those 
on the medium containing 100 ppm 24D, while the latter are again 
smaller than the counts on the non-selective medium. The intervals 
between sampling prevent a close investigation into the changes in 
the bacterial flora, but a general decrease in numbers is noted on 
both basal and selective media. (Figs lA and IB)
It was expected that the number of colonies appearing on the 
selective media would be greater than that on the control plates, 
as on the former those bacteria capable of using 24D as a carbon 
source should appear in addition to those which come up on the basal 
medium. The preponderance of colonies on the control plates is 
unlikely to be due to a toxic effect of 24D in the selective medium
. lA. Changes in bacterial numbers in the perfusate of
50gm air-dried soil perfused with 200ml 10 ^240* number per ml
-3
determined by plating samples on basal medium and 10 24D medium
Arrow indicates day on which detoxication was complete.
Fig.IB. Changes in bacterial numbers in the perfusate of
50gm air-dried soil perfused with 200ml 10 ^24#* Number per ml
—4
determined by plating samples on basal medium and 10 24D medium.
Arrow indicates day on which detoxication was complete.
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as perfusion with 100 ppm 24D will have killed the susceptible 
bacteria in the soil. These organisms will not therefore be 
concerned in the counts. If 24D is not bacteriocidal, however, 
but acts only as a bacteriostat, then the numbers on the control 
plates would be greater than those on the selective medium due to 
the growth of bacteria which would be inhibited on the latter plates. 
If this is the case, the number of such organisms should remain 
constant giving a definite difference between the counts recorded 
on the two types of media,
Yidien using 1,000 ppm 24b in agar as the selective medium, 
numbers are considerably reduced. On the average, counts on the 
control plates are ten times greater than those on 1,000 ppm 24b 
medium. In this case, the difference must be due to the higher 
concentration of herbicide having a further inhibiting effect on 
organisms not affected by 100 ppm in the soil. It was decided to 
use in future the same concentration of herbicide in the agar medium 
as that employed in the perfuser to eradicate this effect.
In actual fact, one would not expect the number of colonies on 
the control plates to be as high as they are on account of the fact 
that no carbon source is included in the medium, *Analar' reagents 
were used for the preparation of the mineral nutrient solution, so 
that the only sources of carbon available are atmospheric carbon 
dioxide and impurities in the agar; As many of the colonies 
appeared beneath the surface of the agar, it was thought that the
23
latter was the more probable. Consequently the agar employed 
(Gurr's bacteriological agar) was subjected to various treatments 
to remove impurities, in an attempt to reduce the number of colonies 
appearing on the control plates.
Experiment 2 - Perfusion of an enriched soil with a solution of 
100 ppm 24D
The soil used in this perfusion was that previously treated in 
the preliminary experiment. Consequently, a hormone-decomposing 
population was active in this soil and further additions of 24b were 
rapidly broken down. Such a soil is said to be enriched to 24b. 
Samples of the perfusate were taken daily, diluted 1 in 100 and 
GtO^ml plated onto basal and selective media (lOO ppm 24b). The 
mineral nutrients in the media were as laid down in the experimental 
methods but the agar used was previously dialysed for twenty-four 
hours. The agar was enclosed in dialysing skins and these were 
immersed in a trough through which water was continuously running* 
Counts were made after ten days of incubation at 25°C. (Figs IIA 
and IIB)
Changes in toxicity of the perfusate were also determined daily 
by the cress root assay method, the concentration of 24b being 
restored to approximately its original level after each detoxication.
The numbers of colonies appearing on the plates of basal medium 
are on the average slightly less than those recorded in the 
preliminary experiment, while those on the medium containing 24b are
pig. IIA&IIB. Upper histograms show changes in 24b concentration 
during the experiment. With the final application of 24b the 
concentration was I^Oppm. The lower histograms show changes in 
bacterial numbers in the perfusate of ^Ogm of an enriched soil 
perfused with 200ml 24b. Numbers per ml determined by plating 
diluted samples on 10 ^24b agar and basal medium.
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TABLE I.
ZS
Correlation between concentration of 2dDk±n ppm at any time %  
and the number of bacteria per mly^of diluted perfusate at ^ 
the same time. Perfusate samples plated on 10 24D agar.
rtr. V»c*.cV. ,
u
C^*\c,Xi^p ^ 
V uv u2
0 50 0 0 2500 0
1 130 30 3900 I69OO 900 il'
Z 196 30 58OO 38416 900
3 12 13 156 144 169
S 0 4 0 0 16
6 0 0 0 0 0
7 0 0 0 0 0
S 8 30 240 64 900
i 54 I 54 2916 I
10 198 0 0 39204 ' 0
il 2 0 0 4' 0 r
• z 22 150 3300 1:484 222500
13 12 - 7 - 84 144 49
14 308 00 0 94864 0
Ih 6 0 0 36 0
99^^'^ " 265 I36I4 195666 25435
Correlation coefficient r-tO.06
TABLE II.
Correlation between concentration of 24D in ppm at any time 
and number of bacteria per ml of diluted perfusate two days 
later. Perfusate samples plated on 24D agar.( I0"4).
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u V uv u? v2
196 0 0 38416 0
12 30 360 144 900
0 30 0 0 900
0 13 0 0 169
0 4 0 0 16
8 0 0 64 0
54 0 0 2916 0
198 30 5940 39204 900
2 I 2 4 I
22 0 0 484 0
12 0 0 144 0
308 150 46200 94864 22500
6 7 42 36 49
818 265 52544 176266 25435 ... .
Correlation coefficient r = 40.71.
TABLE III. V
Correlation between concentration of 24B in ppmj^at any time 
and number of bacteria per ml^of diluted perfusate.at the 
same time. Perfusate samples plated on basal medium.
Z7
u
Co^XUrP
V uv u? 2V
Ô 58 0 58 3364 0
1 180 30 5400 32400 900
1 460 30 13800 2II600 900
3 70 13 910 4900 I69
s 18 4 ' 72 324 16
(o 310 0 0 96100' 0
1 24 0 0 576 0
90 30 2700 8100 900
186 I 186 34596 I
10 240 0 0 57600 0
II 6 0 0 36 0
1% 112 150 16800 12544 22500
13 470 7 3290 • 220900 49
14 340 0 0 155600 0
lb 78 0 0 6084 0
2642 265 43216 807724 25435
Correlation coefficient r*~0.O4
TABLE.IV.
Correlation between concentration of 24D in ppm at any time 
and number of bacteria per ml of diluted perfusate two days 
later. Perfusate samples plated on basal medium.
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u V uv
2
u v2
460 0 0 211600 0
70 30 2100 4900 900
18 30 540 324 900
310 13 4030 96100 169
24 4 96 576 16
90 0 0 8100 0
186 0 0 34596 0
240 30 7200 57600 900
6 'I 6 36 I
112 0 0 12544 0
470 0 0 220900 0
340 150 51000 I556OO 22500
78 7 546 6084 49
2040 265 65518 768960 25435
Correlation coefficient r = 40.26
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approximately the same. On the latter plates, with each application 
of 24B there is a marked increase in numbers which reaches its 
maximum two days after the herbicide is added, V/ith the dis­
appearance of 24D from the perfusate the number of colonies drops 
again to a low level. On the control plates, the same fluctuations 
occur but in a less sharp and regular manner.
Calculation of the correlation coefficient between the 
concentration of 24D at any one time and the number of bacteria per 
ml at the same time, as determined by the number of colonies 
appearing on 24D agar medium, gives a value of r = +0,06 (Table l). 
This indicates a very small positive correlation which is not 
significant. When, however, the correlation between the con­
centration of 24D at any one time and the number of bacteria per ml 
perfusate two days later is investigated, a value of +0,71 is 
obtained for the correlation coefficient r (Table II), This is
highly significant at the 55^ level and indicates a close relationship 
between the concentration of 24D and the microbial population of the 
soil. The values of the comparable coefficients calculated from 
data where the perfusate samples are plated onto basal media are 
-0 ,04 and +0,26 respectively, neither of which is significant at the 
%  level (Tables III and IV).
Experiment 3 - Perfusion of a non-enriched soil with 100 ppm 24D 
Pyridine-extracted agar used for preparation of media
50g soil crumbs were perfused with a solution of 100 ppm 24D,
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Plates of the diluted perfusate and toxicity tests were made at 
frequent intervals. The agar used for the preparation of the media 
was extracted as follows : 50g agar were soaked for forty-eight
hours in three changes of 55^  aqueous pyridine at room temperature.
The pyridine was filtered off on a large Buchner funnel and the agar 
well washed with 95^ ethyl alcohol, followed hy distilled water.
The agar was left to dry and subsequently used to set the media in 
the usual way. This treatment is reputed to extract organic 
impurities from the agar. (W. J. Robbins (43)) (Pig III)
The numbers of colonies appearing on the medium containing 24D 
are greater than those on basal medium after the first seven days of 
perfusion, which indicates that the previous high numbers recorded 
on the basal medium were, in fact, due to the presence in the agar 
of some organic impurity which could be metabolised by certain 
bacteria and which has been removed by treatment with aqueous pyridine.
It will be noted that the number of organisms as determined by 
plating the perfusate onto 24D agar, rises fairly regularly during 
the first eight days of perfusion and subsequently falls with the 
onset of detoxication. On the further addition of 24D to the en­
riched soil, a rapid increase in bacterial numbers occurs followed 
by a return to a low level as the toxicity of the perfusate decreases. 
The numbers of colonies on the control plates follow a similar pattern 
except for the first few days of perfusion, when a decrease in numbers 
is recorded.
Fig.Ill. Changes in the bacterial numbers in the perfusate of
50gm air-dried soil perfused with 200ml 10 ^24D» Number per ml
determined by plating diluted samples on basal medium and 10  ^
24D medium. In each case the agar used had been pyridine-
extracted.
^  Indicates application of second dose of 24D*
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Experiment 4 - Perfusion of an enriched soil with a solution of 100 
ppm 24D using silica gel media for the plating of perfusate samples 
The silica sol required for the preparation of the media was 
obtained by passing a 3^ solution of neutral sodium silicate down 
a column of the ion-exchange resin *Soucol’, which had previously 
been treated with 10^ hydrochloric acid and washed free from chlorides, 
according to the method of Taylor (50)* A small volume of the sol 
was sterilised by autoclaving at 15 lbs per square inch for fifteen 
minutes and the amount of normal sodium hydroxide required to bring 
the pH of a known volume of sol to seven was determined by titration, 
using phenol red as indicator. The requisite volume of normal 
sodium hydroxide was added to the bulk of the sol, so that after 
sterilisation the pH would be approximately seven. It was found 
that 5ml of a nutrient solution containing 0.4g ammonium dihydrogen 
phosphate, 0.08g magnesium sulphate, 0.08g potassium chloride per 
100ml with or without 1ml of a 1 in 100 solution of the ammonium salt 
of 24D were efficient in causing the gelling of 15ml of the silica 
sol at pH 7. The sol was therefore tubed in 15ml lots and the 
nutrient solution in separate lots of 5ml to be autoclaved.
Sterilised and stored separately in this manner, the sol remained 
stable for convenient periods of two to three weeks.
The dilution plates were prepared by running the perfusate 
sample into a sterile petri dish, adding the silica sol and nutrient 
solution, rotating the dish rapidly to mix and allowing the sol to
33
gel. The latter took approximately ten minutes. After standing 
for thirty minutes the plates could safely he inverted and placed 
in the incubator.
Four separate applications of 24D were made to the enriched soil 
and samples of the perfusate were plated daily on basal medium and 
medium containing 100 ppm 24D. The plates made during the first two 
detoxications were incubated as usual at 25^0 , but those made during 
the subsequent detoxications were stacked under jars standing on a 
greased glass plate. A handful of ’Carbosorb* was enclosed within 
each jar, so that the plates were incubated in an atmosphere devoid 
of carbon dioxide. (Fig IV)
Using the silica gel medium, the numbers of colonies on the
control plates are again greater than those on the 24D plates. The
first two applications of 24D to the enriched soil result in an
increase in the numbers of colonies on the 24D-containing medium,
similar to that noted when using dialysed or pyridine-extracted a g ^
as the setting agent. The numbers on the control plates follow the
(iLwMC
same pattern, except for a low count on the Aiirth day. This is 
probably due to some error in plating as the count on the previous 
day shows the beginning of the expected rise in numbers.
When, however, the plates are incubated in the absence of carbon 
dioxide, there is no response to further applications of 24D. There 
is a fairly close agreement between the number of colonies on the 
two types of medium and a general decrease in numbers takes place
Fig.lV.. Changes in bacterial numbers in the perfusate of 50gm
enriched soil perfused v/ith 200ml 10 ^24D solution^ Number per
ml determined by plating diluted samples on basal silica gel
-4medium and basal silica gel containing 10 24D. Plates made from
samples taken on first eleven days were incubated normally, 
plates from samples taken after the eleventh day were incubated 
in an atmosphere devoid of carbon dioxide*
^  Indicates detoxication complete.
^  Indicates 24D applied.
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over the six days.
This may he taken to indicate that the organisms responsible 
for the breakdown of 24b cannot grow in the absence of carbon dioxide 
but require it for some vital metabolic process. Thus although the 
24D-metabolising organisms must be increasing in the perfused soil, 
the rise in numbers cannot be detected if the plates are incubated 
in an atmosphere devoid of carbon dioxide. Those organisms which 
do appear on the plates under these conditions may be regarded as 
those which can use impurities in the medium and the traces of 
nutrient material carried over the perfusate sample to grow 
sufficiently to form micro-colonies. The number of these organisms 
in the soil is therefore gradually decreasing during the consecutive 
applications of 24D, This reasoning would also account for the 
similarity between the changes in the numbers of colonies on control 
and 24b-containing media throughout the previous experiments. If 
the 24D organisms are able to fix carbon dioxide, then they will be 
able to grow on the basal medium as well as on the medium containing 
24b. On the former medium will appear in addition those organisms 
able to fix carbon dioxide but to which 24b is bacteriostatic, and 
those resistant organisms which metabolise any organic impurities 
in the medium. Consequently, in the following experiments the 
diluted perfusate samples are plated only on medium containing 24b, 
omitting the basal medium, where changes in the population of 24D 
organisms may more easily be affected by fluctuations in the numbers
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of other organisms.
Experiment 5 - Detection of 24b organisms on agar plates
Having established that 24D exerts a marked effect on total 
bacterial numbers in the soil, tests were made to discover which 
particular bacteria were concerned in the breakdown of the 
herbicide, and to follow changes in the number of these organisms.
The colonies appearing on the 24D-containing medium are in the 
main white or translucent, lenticular or circular colonies of small 
diameter. Certain evidence has been obtained (Symonds unpublished) 
which indicates that at some stage during the breakdown of 24D by 
the active organisms a phenol, probably 24-dichlorphenol, is 
formed. It was, therefore, thought that the 24D organisms might 
be distinguished from other bacteria on the 24D-containing medium 
by a positive reaction for phenol. Plates of 24D medium on which 
perfusate samples from an enriched soil had been plated were flooded 
with a solution of ferric chloride. This reagent gives a blue 
colour in the presence of phenols, but in no case was a positive 
reaction noted around any of the colonies on the plates.
Flooding the plates with various redox indicators was also in­
effective in detecting any difference between the bacterial colonies. 
Experiment 6 - Differential counts of bacteria in perfusate samples 
on 24P agar during enrichment and subsequent applications of 24D to 
the soil
A perfuser was set up with 5 %  air-dried garden soil crumbs
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and 200ml 100 ppm 24D in the usual way and samples of the perfusate 
were taken daily for plating on 24D agar and for toxicity tests.
After ten days of incubation at 25^0 differential counts were made, 
the colonies being grouped according to their morphology. Three 
main types were distinguished and denoted in the records by the 
letters X, Y and Z. Type X were large, opaque, circular colonies 
with an entire edge. Type Y comprised those white circular 
colonies having a crenate edge and a denser, dark spot in the centre. 
Type Z consisted of small, dense, dirty-white colonies with entire 
edges, mostly lenticular, but often oval to circular in shape. (Fig V)
During the initial stage of the lag period, the total number of 
bacteria decreases but this preliminary fall is followed by a period 
of proliferation, the maximum numbers being reached on the sixth day 
of perfusion. Subsequently, with the onset of detoxication, the 
numbers steadily decline. The second application of 24D to the 
enriched soil produces the same effect as that noted in previous 
perfusions, namely, a sharp rise in numbers of bacteria reaching a 
maximum two days after the addition of the herbicide to the perfusate. 
This increase is not obtained after the first application of 24D to 
the enriched soil, but this may be due to some experimental error 
which gives an inaccurate, excessively high count for the eleventh 
day.
The number of type Z colonies on the plates is high throughout 
the experiment and these bacteria form the majority of the total.
Fig.V. Differential counts of bacteria in perfusate samples 
during enrichment and subsequent applications of 24D to $Ogm 
air-dried soil. Diluted samples plated on 10 ^24D agar medium# 
^  Indicates detoxication complete.
^  Indicates 24^ applied.
X  Large opaque circular colonies with entire edge.
Y  White circular colonies with crenate edge.
Z Small greyish-white lenticular colonies#
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TABLE V.
Increase in numbers of bacteria per ml in perfusate of ^Ogm 
air-dried soil at beginning of perfusion. Soil perfused with 
200ml sterile water. L
Time in 
hours
Log.no.
bact/ml.
2 ^ 3 .4 8
4:^- 4-5 4 .0 0
23.25 5-30
72 5 .0 8
■fs & . , ,
:n  ^ ' t--' i :
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Consequently, the graph of log number Z organisms against time 
follows that of log total number against time very closely.
Although the Z type is obviously stimulated by the addition of 24D, 
the Y type is also affected. During the lag period, numbers of 
this type of colony at first decrease to a fairly low level but show 
a very rapid increase of almost one hundred-fold, during the fifth 
to sixth day. Following this marked proliferation, there is a 
fairly regular decline as the toxicity of the perfusate is reduced. 
During the period of the second detoxication, there is an irregular 
fluctuation in the number of Y colonies appearing on the plates which 
cannot be correlated with the concentration of 24D. The temporary 
rise in numbers after the second application of 24D to the enriched 
soil cannot, therefore, be definitely attributed to the stimulating 
action of 24D in this case as similar increases occur indiscrimin­
ately in no relation to the presence of the herbicide. The number 
of organisms producing type X colonies on 24D agar medium are low 
throughout the experiment and are apparently unaffected by the 
concentration of 24D in the perfusate.
Experiment 7 - Comparison of the chsinges in the bacterial flora of 
an enriched soil sind a soil preperfused with water, on the addition 
of 24D to the perfusate
When a perfuser is started, it is obvious that many of the 
bacteria in the soil will be washed out into the perfusing fluid, 
which is initially sterile. At the beginning of perfusion therefore.
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if samples of the perfusate are plated, they will show an increasing 
number of organisms as time elapses until finally an equilibrium is 
established between numbers of bacteria in the soil and numbers in 
the perfusate (Table V). To eliminate this increase, which may mask 
other changes occurring at the same time, perfusers were set up using 
sterile water as the perfusing fluid. Equilibrium was thus estab­
lished during the perfusion with water, which enabled changes in the 
flora immediately after the addition of 24D to be followed more 
accurately.
Two experiments were carried out in this manner. In the first,
the soil was perfused with 200ml sterile water for five days and 
__2
2ml 10" 24D solution was then added to the perfusate. A similar
amount was added to the perfusate of an enriched soil. Samples were 
taken at intervals of a few hours and plated onto 24D agar. After 
incubation for ten days total counts were made and the tv/o perfusates 
compared (Fig VI). The results obtained show that on the addition 
of 24D to the enriched soil perfusate the number of organisms 
rapidly increases during the next five hours, following which there 
is a more gradual falling off. The numbers in the perfusate of the 
water-perfused soil, however, show very little change over a period 
of fifty-five hours.
The second experiment was very similar, except for the fact 
that the 24D and water perfusers were started at the same time and 
both were run until the 24D perfuser was detoxicated. This took
Fig.VI. Changes in bacterial numbers in the perfusates of soils
preperfused with 200ml water or 200ml 10 ^24D solution on the
“4application of 24D. diluted samples plated on 10 24D agar medium
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approximately fourteen days. 2ml 10 240 solution were then added
to each perfuser and plates were made at intervals of one or more 
days until detoxication occurred. Differential counts on 24D agar 
were made after ten days of incubation at 25°C, the colonies being 
grouped according to their morphology. Four main types of colony 
were distinguished : white lenticular, circular granular, opaque
circular and dendroid.
In the case of the enriched soil, the total number of colonies 
shows an approximately four-fold increase one day after the 
application of 24D, but by the third day has returned to the original 
level (Fig VIIA). After detoxication subsequent fluctuations over 
a period of ten days are small. The numbers of lenticular colonies 
and of the circular, granular colonies follow the same pattern as 
the total numbers, the initial increase being more marked in the case 
of the former. The dendroid and opaque colonies, however, show a 
decline in numbers over the period of the experiment. Comparing 
these fluctuations with those occurring in the soil preperfused with 
water when 24D is added; it is seen that the changes in total numbers 
during the following five days are very similar (Fig VIIB). Analysis 
of the individual groups, however, shows that there is no comparable 
marked increase in lenticular or granular colonies during this time 
in the water-perfused soil. The number of lenticular colonies 
remains at a low level for a period of seven days, following which 
there is a sudden increase just prior to detoxication. No circular.
Fig.VIIA. Differential counts of bacteria in the perfusate of 
50gm enriched soil(i.e. preperfused with 10 ^24D) on adding 24D, 
Diluted samples plated on 10 ^24D agar medium. 24D added at 
beginning of experiment.
Fig.VIIB. Differential counts of bacteria in the perfusate of
50gm enriched soil(i.e. preperfused with water) on adding 24D.
-4Diluted samples plated on 10 24# agar medium. 24D added at
beginning of experiment.
^  Indicates detoxication complete.
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granular colonies appear on the plates in many cases, while in others 
the proportion is low. The number of opaque, circular colonies is 
in general greater than in the enriched soil, reaching a maximum on 
the fifth day after the addition of 24D. Following this peak, the 
number of these colonies fluctuates slightly about a level of 2.0 x 
10^ per ml perfusate. The large differences in the number of 
dendroid colonies in samples taken at various times appears to bear 
no relation to the detoxication process as was noted in the case of 
the enriched soil.
Experiment 8 - Differential counts on soil suspensions made from soil 
samples perfused in small perfusers
Eighteen 5g lots of 2-4mm air-dried soil crumbs were perfused 
with 20ml lO"^ 24D solution in small perfusers. At intervals of one 
or more days, one perfuser was used to prepare a soil suspension as 
described in Experimental Methods B and 0.05ml were plated onto basal 
medium with and without 10 ^ 24D. After incubation at 25^0 for ten 
days, differential counts were made grouping the organisms according 
to their colony morphology. Six types of colony were distinguished 
and noted by the letters A - P.
A - white, lenticular or oval.
B - smooth, dark, circular.
G - fine, granular, circular.
D - dark, circular with crenate edge.
E - dendroid, circular.
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F - yellow, circular.
The logarithm of the total number of bacteria on the plates 
varies very little from day to day, fluctuating between 7.6 and 8.3 
on the control agar and 7.8 and 8.2 on the 24D medium (Fig VIII).
The number of each type of colony appearing on control or 24D agar 
is roughly the same in any one sample, but there are large indis­
criminate variations between successive samples plated on the two 
types of medium ("Table VI). This is in part due to the personal 
error involved in deciding to which group each colony belongs, and 
also to the variability of the soil samples. It was also found 
impossible to perfuse the samples at an absolutely equal rate as 
some tended to waterlog more easily than others. There is, 
however, an indication in these results that colony types A and B 
are slightly stimulated by 24B, the numbers increasing during the 
lag period and on reapplying the herbicide.
Experiment 9 - Differential coionts made on soil suspension continu­
ally aerated at constant temperature
In order to obtain more comparable samples, 50g air-dried soil 
crumbs were placed in a flask with 200ml 100 ppm sterile- 24D solution 
The flask was well shaken to form an even suspension and filtered air 
was continually bubbled through. The suspension was kept at 25°C in 
a constant temperature room. Samples were withdrawn with a sterile 
pipette at intervals of one or more days, diluted one in a thousand 
and 0.02ml of the resulting suspension was plated on 10 ^ 24D medium
Fig.VIII. Changes in total numbers of bacteria in soil suspensions
prepared from small perfusers during enrichment and subsequent
treatment with 24B. Dilution plates made on basal medium and 
-410 24B agar medium.
^  Indicates detoxication complete
J/ Indicates 24D applied.
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and nutrient agar. Differential counts were made as ‘before after 
ten days of incubation at 25^0 in the case of the 24D medium, and 
after three days in the case of the nutrient agar. Occasionally, 
one or two pigmented colonies appeared on the plates but these have 
not been included in the counts (Pigs IXA and IXB).
On nutrient agar, the total number of colonies per ml suspension 
varies very little from day to day, but on 24D agar there is a 
gradual increase in numbers during the lag period. Detoxication 
occurs on the fifteenth day, when the total number is at a maximum. 
The herbicide appears to have little effect on the main groups of 
bacteria appearing on the nutrient agar plates, the numbers after 
sixteen days of treatment being approximately the same as on the 
first day. Intervening changes are apparently at random, showing 
no definite trends. On the 24D medium, however, there is an initial 
increase in all four groups being most marked in the case of the 
opaque, spreading colonies. The number of these colonies rises 
rapidly during the first five days after which they are no longer 
evident on the plates. • The number of lenticular colonies increases 
gradually after the fifth day following on the increase of the 
opaque colonies and reaching a maximum at the time of detoxication. 
There is also a general increase in the number of granular colonies 
over the experimental period whereas the fluctuations in the numbers 
of dendroid colonies are indiscriminate.
iFig.IXA.&IXB. Differential counts of bacteria in aerated soil
-4suspensions treated with 10 24D. Counts made from samples plated
on I0”*‘^24D agar medium(Pig.IXA) and nutrient agar(Pig,IXB).
^  Indicates detoxication complete.
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B 2-I..1ETHYL-4-CHL0E0PHENDXYACETIC ACID (MCPA)
Experiment 1 - Preliminary
50g air-dried soil crumbs were perfused with 200ml of a 10*^ 
solution of the ammonium salt of MCPA, Samples of the perfusate 
were taken at intervals, diluted and plated on hasal medium with and 
without MCPA, The herbicide was at a concentration of 1,000 ppm in 
this initial experiment. After incubation of the plates for fourteen
days at 25°C total counts of the colonies were made using a perspex
grid and binocular microscope. Toxicity of the perfusate was 
determined by the cress root assay method as used for 24D. Detoxi­
cation occurred on the average in thirteen to seventeen days (Fig X).
A similar experiment was performed plating the diluted perfusate 
on basal medium and basal medium plus 100 ppm MCPA (Fig XI).
In both cases, the numbers of colonies on the control plates are
greater than those on the MCPA plates and show a gradual decrease over
the period of the experiment. As in the case of 24D, the numbers on 
the medium containing 1,000 ppm herbicide are less than those on the 
medium with 100 ppm.MCPA for the same reason. No significant change 
in the total numbers is evident during the lag period apart from an 
initial increase from the second to sixth day in samples plated on 
medium containing 100 ppm MCPA.
Experiment 2 - Perfusion of an enriched soil with a 10 ^ solution of 
MCPA
The soil used in this experiment was that from one of the
f
Fig.X. Changes in bacteria numbers in the perfusate of 50gm 
air-dried soil perfused with 200ml 10 \lCPA. Number per ml 
determined by plating diluted samples on basal medium and 10 ^
4
MCPA agar medium.
Î Detoxication occurs between the thirteenth and seventeenth 
days.
Fig.XI. Changes in bacterial numbers in the perfusate of 50gm 
air-dried soil perfused with 200ml 10 ^CPA. Number per ml'
-4
determined by plating diluted samples on basal medium and 10 
MCPA agar medium.
Detoxication occurs between the thirteenth and seventeenth 
days.
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preliminary experiments, in which a population of MCPA-decomposing 
bacteria had been established. The concentration of herbicide in 
the perfusate was restored to 100 ppm by adding the required volume 
of a 10 solution and the perfusion continued. A further 
application of herbicide was made after the second detoxication. 
Samples for plating were taken at intervals of one or more days and 
the toxicity of the perfusate was determined by the cress root assay. 
The medium used for plating the diluted perfusate was composed of the 
basal mineral nutrients, with or without 100 ppm MCPA and solidified 
with dialysed agar. Total counts of bacteria were made after
fourteen days of incubation at 25°C.
Detoxication occurred in six days in both cases (Pig XII). The 
numbers of colonies on the control plates show a rapid decline during 
the first six days of perfusion, following which there is a sudden 
increase lasting until the eighth day. The second application of
MCPA results in an immediate increase in the number of colonies on
the control plates, v/hile during the next three days the numbers 
gradually decrease. There is also a final, insignificant fluctuation, 
On the medium containing 10”^ MCPA, the number of colonies decreases 
during the first five days as in the case of the control plates.
During the following period, the number of organisms in the perfusate 
is so low that when diluted the volume plated is often sterile. 
Consequently, several plates bear no colonies and no increase prior 
to detoxication can be detected. On the second application of MCPA
Fig.XIl. Changes in bacterial numbers in the perfusate of $Ogm
- enriched soil perfused with 200ml 10 ^CPA. Numbers per ml 
I
 ^ determined by planting diluted samples on basal medium and
10 ^MCPA agar.
^  Indicates detoxication complete. 
^  Indicates MCPA applied.
Fig.XIII. Differential counts of the bacteria in the perfusate 
of $Ogm air-dried soil perfused with 200ml IO~^PCPA. Number per
‘ ml determined by plating diluted samples on IO"^pcPA agar medium
i
/ »
*. X-- Large opaque circular colonies with entire edge.
f/ Y--  White circular colonies with crenate edge.
#
Z  Small greyish-white lenticular colonies.
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to the enriched soil, the number of colonies gradually increases to 
approximately the same level as at the beginning of the experiment.
C PARACHLOROPHENOXYACETIC ACID (PCPA)
Only one perfusion with PCPA was carried out. ^Og air-dried
soil crumbs were perfused with 200ml 10 ^ solution of the ammonium 
salt of PCPA. Toxicity tests were made daily and diluted perfusate 
samples plated on basal medium containing 100 ppm of the herbicide. 
Differential counts were made after ten days of incubation at 25^C, 
the colonies being grouped according to their morphology. Three 
main types were distinguished and noted by the letters X - Z
X - large, opaq.ue, circular colonies with an entire
edge.
Y - white, circular colonies with crenate edge and 
dark spot in centre.
Z - small, dense, dirty-white colonies, oval or 
lenticular in shape 
The lag period, in the case of PCPA is approximately nine days, 
while an enriched soil will break down further applications of the 
herbicide in two days. This corresponds very closely with the rate of 
breakdown of 24D. The counts show large variations in the number of 
colonies throughout the experiment. There are random fluctuations in 
the number of all three types, irrespective of the concentration of 
the herbicide, but in general there is an overall decrease (Fig XIII).
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D MLEIC HYDRAZIDE
50g air-dried soil crumbs were perfused with a lO”  ^solution of 
maleic hydrazide. The latter was prepared by dissolving 0.2g maleic 
hydrazide in a small volume of diluted tri-ethanolamine (l.8g in 4ml 
distilled water) and making up to 200ml.
This herbicide is remarkably stable in the soil. No decrease 
in toxicity, as determined by the cress root assay, has been observed 
after several months of perfusion. Throughout this time no colonies 
appeared on plates made from samples of the perfusate on basal medium 
containing 1,000 ppm maleic hydrazide.
The cress root assay method was also found to be suitable for 
determining the concentration of this herbicide in the perfusate.
The calibration curve was constructed from data obtained using dilutions 
of a solution of O.lg maleic hydrazide in 0.5 tri-ethanolamine made up 
to lOOcc with distilled water (lO ppm solution).
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DISCUSSION
The complex nature of the soil microflora, which may he regarded 
as a mixed culture of organisms having a wide variety of metabolic 
activities, makes it a difficult proposition to study any one group 
in particular. Previous reports have been concerned with the 
general overall effect of herbicides on the total number of soil 
organisms, as determined by plating samples of soil suspensions on 
media v/hich v/ould support the growth of many different types of 
bacteria, e.g. Smith, Dawson and Wenzel (45) used soil extract agar, 
while Koike and Gainey (25) employed egg-albumin agar. It is obvious 
that the medium used will greatly affect the results obtained. As 
the primary interest in this investigation was the detection and 
behaviour of the organisms responsible for the breakdown of the 
herbicides, a selective medium was used for plating samples in the 
majority of experiments. This medium was composed of basic mineral 
nutrients plus the herbicide in a suitable concentration. The 
preliminary experiments v/ith 24D and MCPA emphasised the necessity 
of using the herbicide in the medium at the same concentration as in 
the perfuser.
Although the use of such a selective medium eliminates many of 
the organisms not concerned in the detoxication process, it is not 
only the 24D bacteria which appear on these plates. Samples plated 
onto a medium composed of basic mineral nutrients and agar only give 
rise to a considerable number of colonies. The organisms forming
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these colonies use as their carbon source atmospheric carbon dioxide 
and/or organic impurities in the agar. This is sho'wn by the lesser 
number of colonies which appear on a medium prepared from pyridine- 
extracted agar and on silica gel medium when incubated in the absence 
of carbon dioxide. The colonies on the control agar represent that 
section of the soil population which is resistant to 24D either 
wholly or partly, and includes also those organisms to which 24D is 
bacteriostatic. In the perfused soil, the latter are prevented from 
growing by the presence of the herbicide but any such organisms 
present in a sample are able to form colonies when plated on a medium 
devoid of 24D. The colonies appearing on the 24D medium comprise 
those same resistant bacteria that appear on the control plates but 
do not include those towards which 24D acts as a bacteriostat. In 
addition, appear those bacteria which are responsible for the break­
down of 24D and which use it as their carbon source.
Thus, although several interfering fractions are eliminated by 
employing a selective medium there is still some difficulty in 
separating and interpreting the various changes in bacterial numbers 
which have been noted. In general, once the soil has reached an 
equilibrium after being wetted at the beginning of perfusion, one 
would expect little change in the microflora. Small, indiscriminate 
fluctuations of one type of organism or another would occur but on 
the whole the numbers would remain about an average. This is home 
out by the experiments with soil perfused with water where the number
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of organisms per ml perfusate remains near 2 x 10^ for fourteen days.
When a soil is perfused with 24D, hov/ever, the reaction of the 
soil organisms may vary considerably. Any attempt to discover v/hich 
bacteria attack the herbicide and to detect any changes in their 
numbers is confused by the bacteriocidal and bacteriostatic effects 
of 24D. The susceptible bacteria, which cannot survive in the 
presence of 24D, will rapidly be killed. This will be reflected in 
a decline in the number of colonies appearing on a non-selective 
medium but obviously will not be detected on 24D medium. This decline 
may be accompanied or followed by a temporary increase in certain 
groups of resistant bacteria which metabolise the remains of the dead 
organisms. The number of organisms towards which 24D acts as a 
bacteriostat will remain constant as long as the concentration of the 
herbicide in the perfusate is high. With the onset of detoxication 
and release from the inhibitory effect of 24D however, proliferation 
may occur which will be arrested on a further application of 24D.
These organisms may also in time adapt to 24D, so that they can 
continue their normal me.tabolic activities in its presence. In that 
case, they will then be able to form colonies on the selective medium 
as well as on the controls. All these factors must be borne in mind 
when considering the results obtained.
A 24D
Considering the 24D experiments where samples of the perfusate 
are plated onto basal and selective media, it is seen that the numbers
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of organisms on the controls roughly follow the same pattern as the 
numbers on the 24D plates. This is especially noticeable in the 
experiments where dialysed or pyridine-extracted agar is used in the 
preparation of the media. Although in the former there is no 
statistically significant correlation between the logarithm of the 
number of organisms on the controls and 24D concentration, there is 
an increase in numbers with each application of herbicide similar 
to, but less definite than, that on the 24D plates. In the experiment 
where samples are plated on a silica gel medium, the number of 
colonies appearing on the plates incubated in the absence of carbon 
dioxide does not increase on the application of 24D. The pro­
liferation which normally ensues when the herbicide is added to an 
enriched soil must obviously also have occurred in the perfused soil 
in this case but is not reflected on the plates. This suggests that 
the 24D organism requires carbon dioxide for its growth, which supports 
the results of Symmonds (unpublished) who finds that pure cultures of 
a 24D-decomposing bacterium cannot effect detoxication if aerated with 
air free from carbon dioxide. The active organism must therefore be 
either a facultative autotroph using carbon dioxide as its carbon 
source and obtaining the necessary energy from the breakdown of the 
herbicide, or an heterotrophic bacterium obtaining both energy and 
carbon from the herbicide but requiring carbon dioxide for some part 
of its metabolism. It is known that many heterotrophic bacteria do 
require carbon dioxide being unable to grow or only very slowly in
Pig. XIV. Difference between numbers of colonies appearing on 
the selective medium (I0”‘^24D agar) and basal medium during the 
enrichment of 50gm soil to 24D and on the further application 
of 24D to that soil. Data calculated from results of Expt. 3- 
(plotted in Pig.III.)
^  Indicates detoxication complete.
^  Indicates 24D applied.
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its absence. The carbon dioxide may be necessary for the formation 
of four-carbon dicarboxylic acids, e.g. Wood and VVerkman reaction.
In the experiment using pyridine-extracted agar,, assuming the 
complete removal of organic impurities from the medium, then the 
colonies on the control plates will be those of autotrophic organisms 
which fix carbon dioxide and can obtain the necessary energy from the 
inorganic constituents of the medium. Both the autotrophs resistant 
to 24B and those whose growth is inhibited by the herbicide appear 
on these plates. On the medium containing 24B, in addition to the 
resistant autotrophic organisms will appear the 24D organisms. Thus 
the difference in the numbers of colonies on the two types of media 
will indicate the number of 24D organisms, assuming that the number 
of autotrophs whose growth is inhibited by 24D will remain constant. 
If the number of the latter is greater, than the number of 24D organ­
isms then the number of colonies on the basal medium will be greater 
than the number on the selective medium. If, however, the number 
of inhibited autotrophs is less than the number of 24D bacteria then 
the converse will be true. Figure XIV shows the difference between 
numbers of colonies on the selective medium and numbers on the basal 
medium during the course of perfusion of a non-enriched soil. It is 
seen that the number of these organisms rises during the lag period, 
slowly over the first seven days then rapidly to a peak on the ninth 
day. At the time of detoxication on the eleventh day, the numbers 
return to a low level. A further addition of 24D to the enriched
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soil causes an immediate marked proliferation of the active organisms.
This proliferation during the lag period was not noted in the 
preliminary experiments when a general decrease in numbers on both 
24D and control agar was recorded. This was, however, probably due 
to the comparatively long intervals between the taking of samples.
In Experiment 6 the beginning of the lag period is marked by a fall 
in the number of colonies on the selective medium but this is 
followed by an increase which persists until detoxication commences. 
This initial fall followed by a period of proliferation was also 
noted by Martin (33), Marcelli (32), and Koike and Gainey (25), in 
various types of soil but these workers made no record of the progress 
of detoxication. Martin suggested that the increase is either due 
to the stimulation of an organism which can metabolise 24D or that it 
is a reflection of the growth of resistant bacteria utilising the 
remains of the dead, non-resistant organisms as their energy source. 
Marcelli attributed the changes to the bacteriostatic effect of 24D, 
while Koike and Gainey made no attempt to account for them. Although 
the two latter suggestions could explain the occurrence of this pro­
liferation, the behaviour of an enriched soil supports the former 
view. If the rise was due to either of the other reasons, subse­
quent applications of 24D to the soil would have no further effect 
as all the non-resistant bacteria would have already been killed and 
those towards which 24D initially acts as a bacteriostat would no 
longer be affected. The marked proliferation which follows each
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application of 24D to an enriched soil must therefore be that of an 
organism directly concerned in its breakdown. This is supported by 
statistical analysis which shows that there is a significant positive 
correlation between the concentration of 24D at any one time and the 
logarithm of the number of colonies on the 24b plates two days later. 
When detoxication has occurred in a soil the number of organisms 
appearing on the 24D plates returns to its former level or may even 
be less than the original number. When the 24b concentration is 
restored to approximately 100 ppm the 24b organisms at once begin to 
proliferate and continue until the supply of herbicide is exhausted, 
that is, until detoxication occurs. This takes on the average two 
days. It follows therefore that when the concentration of 24b is 
at its highest then the number of bacteria is at its lowest and the 
converse is also true.
Although the 24b organism also appears on basal medium set with 
dialysed agar, the increase in numbers with each application of 24b 
is confused by changes in the remainder of the population. Thus, 
calculation of the similar correlation coefficient in this case 
gives only a slight positive value which is not statistically sig­
nificant.
Having established that there is a close connection between 24b 
concentration and the total number of organisms appearing on the 
plates of selective medium, differential counts were made to determine 
which organism/s were responsible. The only means of separating the
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various types of colony was according to their morphology. This 
method is obviously not ideal as many different types of organisms 
will produce similar colonies and especially as 24D retards the 
formation of pigment in many cases. A considerable personal error 
is also involved as it is often difficult to decide in which group 
intermediate types shall be placed. As attempts to distinguish the 
active organisms on the plates by chemical means were fruitless, 
however, this was the only remaining means of analysing the total 
number of bacteria.
The results obtained using the small perfusers were of little 
use in detecting changes in any one particular group of organisms on 
account of the variability of the $g soil lots perfused and the con­
sequent large indiscriminate fluctuations of numbers in consecutive 
samples. In the experiments using diluted perfusate or samples from 
a soil suspension aerated in a flask for plating, however, differential 
counts show that the organism forming white, lenticular-shaped colonies 
on 24b agar is the most markedly stimulated by treatment of the soil 
with the herbicide. buring the lag period, after a preliminary fall, 
the number of these organisms rapidly increases from the fifth day 
and this increase is sustained up to the time of detoxication. On 
the plates of the diluted perfusate (Experiment 6) the organism 
forming white, circular colonies with a crenate edge and dark centre 
is similarly affected. Application of 24b to an enriched soil also 
causes an immediate rise in the number of these two organisms.
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Comparison of the behaviour of the organisms forming lenticular 
colonies when 24b is added to soils preperfused either with water 
or 24b for fourteen days shows that in an enriched soil the number 
of these organisms immediately increases, subsequently falling off 
as detoxication occurs, while in the soil preperfused with water the 
stimulating effect is not noted until the seventh day (Experiment 7)* 
It is improbable that all the lenticular or crenate-edged 
colonies are formed by the same organisms but the increase in the 
number of these types of colonies indicates that the 24b organism is 
included within these groups. The lenticular-shaped colonies are 
found to be embedded in the agar at various levels while the crenate- 
edged circular colonies are usually on or very near the surface. It 
is thus possible that the two types of colony are formed by the same 
organism, the morphology being determined by the position of the 
organisms in the agar.
The necessity of using a selective medium to demonstrate the 
stimulatory effect of 24b is again obvious when the results of 
Experiment 9 are considered. The steady increase in the number of 
lenticular colonies on 24b agar is completely masked on nutrient agar, 
although exactly similar samples are plated. On the former medium 
the initial marked rise in the number of opaque circular colonies is 
not sustained and after five days such colonies no longer appear on 
the plates. The organisms forming these colonies could be those 
which utilise the remains of susceptible bacteria which have been
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killed by the herbicide (cf Martin (33)). None of the other types 
of colony appear to be affected in any way by 10 ^ 24b.
In general, with non-selective media, e.g. nutrient agar, 
there is no appreciable effect of 100 ppm 24b on the total numbers
of bacteria in the soil or on numbers of individual types, which
agrees with the findings of Smith, bawson and Wenzel (45). Using
a selective medium it is evident that 100 ppm 24b exerts a con­
sistant stimulatory effect on the population of the soil studied, 
regardless of the time of year the soil was collected and dried 
or how long it had been stored. Although there is a noticeable 
increase in numbers during the lag period and on each application 
of 24b to an enriched soil, the number of colonies appearing on 
the plates after any detoxication is low. That several workers 
have recorded no effect of 100 ppm 24b on the soil population is 
probably due to the fact that they made infrequent samplings and 
thus could not detect intermediate changes. Koike and Gainey (25) 
and others with whose findings the above results agree made plates 
at more frequent intervals.
The increases in total numbers of bacteria and lenticular colonies 
in particular, although quite large in themselves, do not represent 
many divisions, e.g. in Experiment 5 there is a forty-four-fold in­
crease in total numbers over a period of eight days. This, however, 
represents only five or six divisions which is a very slow rate of 
growth for bacteria. Even in an enriched soil only two to four
67
divisions occur per day on the addition of 24b. The 24b organism 
is, however, normally very slow growing in the presence of 24b and 
also on normal bacteriological media. After ten to fourteen days of 
incubation at 25^0 the lenticular colonies on 24b agar are only 
approximately 1mm broad and 2mm long.
The experiments carried out show that the 24b-decomposing organ-
-4ism forms white colonies on 10 24b medium, which are lenticular in
shape below the surface of the agar and circular with a crenate edge 
on or near the surface. It requires carbon dioxide for its growth 
and is very slow growing. buring the lag period, the numbers of 
this organism remain fairly constant for five or six days then rise 
to a maximum just prior to detoxication. With the onset of detoxi­
cation the numbers decrease. Each application of 24b to an enriched 
soil results in an immediate proliferation of the organisms forming 
lenticular colonies and there is a significant positive correlation 
between the concentration of 24b at any one time and the total numbers 
of bacteria two days later.
These results indicate that the organism concerned with the 
breakdov/n of 24b is a normal soil organism which adapts to the herbi­
cide during the first six days of the lag period, following which 
proliferation and 24b breakdown proceed at a gradually increasing 
rate until on approximately the tenth day detoxication can be detected 
by the cress root assay. The breakdown process is then rapidly 
completed. Once an active population has been established in the
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soil, the addition of further doses of 24b acts as a stimulus 
giving rise to rapid growth and detoxication in the short time of 
two days.
B and C - MCPA and PCPA
The results obtained in the two experiments performed with 
MCPA suggest that the detoxication process in this case is similar 
to that of 24b. There is a lag period which is on the average 
fourteen to sixteen days as compared with that of ten to twelve days 
with 24b, and further applications of MCPA are broken dov/n in five 
or six days. These rates of breakdown are much more rapid than 
those recorded by Audus (5) who found that detoxication occurred 
after forty-five to fifty days in the case of two perfusions of 
garden soil and had not even begun in a third perfusion when it was 
abandoned after one hundred and forty-one days. This indicates 
that the soil used in the present experiments has a more active 
flora than that employed by Audus in his experiments.
The similarity of the MCPA and 24b molecules would suggest that 
the same organisms might be responsible for the breakdown of these 
herbicides by the same or very similar enzyme systems. It has been 
shown by Audus (5) in cross-perfusion experiments that MCPA is more 
rapidly broken down in a soil enriched to 24b than in a fresh non­
treated soil, but not as rapidly as in a soil enriched to MCPA. He 
suggests that 'the 24b flora is capable of decomposing MCPA but not 
at such a high rate as the MCPA flora itself and that 'the absence
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of lag when MCPA is decomposed by the 24D-enriched soil is a strong 
indication that the same flora is capable of attacking both molecules 
direct'. It would be expected therefore that MCPA would have a 
similar effect upon the soil population as 24b. The results 
obtained using the former herbicide do not clearly demonstrate a 
proliferation during the lag period or on further applications of 
MCPA but there is an indication of a temporary increase in numbers 
when the herbicide is added to an enriched soil. In general, there 
is an overall decrease in total numbers of bacteria when the soil is 
perfused with 100 ppm MCPA. The organisms appearing on the MCPA 
medium are similar to those on 24b medium but differential counts 
were not carried out in this case.
Similarly, when the soil is perfused with 100 ppm PCPA there is 
a decline in the total number of bacteria over a period of twenty-one 
days, during which time three applications of the herbicide have been 
made. There is no apparent correlation between concentration of 
PCPA and bacterial numbers and no consistent trends can be detected 
in either total numbers or in the numbers of any of the various types 
of colony. There are no records of any cross-perfusion experiments 
with PCPA and other herbicides but the rate at which this compound 
is broken down in the soil is almost exactly the same as the rate at 
which 24b is decomposed. This fact and the similarity of the 
molecules of these two herbicides suggests that the same flora is 
attacking them both.
70
There is no apparent reason v/hy the same changes in the bacterial 
flora during the lag period and in an enriched soil noted in the case 
of 24b should not occur and be detected on perfusion of a soil with 
MCPA or PCPA. Although with MCPA some such changes were recorded, 
these were not nearly so marked and with PCPA no similarity was 
evident. It is possible that different organisms are concerned in 
the breakdovm of the two latter herbicides and that these bacteria 
have certain nutritional requirements not met by the medium employed 
for making the dilution plates. It has been shown that Vitamin 
is an essential growth factor for many soil organisms (Lochhead and 
Thexton (3l)) and that soil extract may also act as a bacterial 
growth stimulator. Newman and Thomas (36) found that the addition 
of yeast extract to the medium in concentrations of O.O5 and 0 .1^ 
was necessary before mixed cultures of soil organisms could bring 
about the complete detoxication of ^00 ppm 24b. This may account 
for the lack of any marked increase in the number of organisms on 
the plates of basal medium plus 100 ppm herbicide in these 
experiments.
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F A R T  T W O
INTRODUCTION
Having established that there is a close correlation between 
concentration of 24D and numbers of bacteria in the soil, attention 
was next focussed on the lag period in an attempt to discover the 
cause of this phase of apparent inactivity.
Three possible explanations were entertained. Firstly, that 
in the soil there exist a small number of bacteria possessing 
constitutive enzymes enabling them to break down 24D. These bacteria 
could possibly be mutant forms of commonly occurring soil organisms.
In this case the lag period would be an expression of the time taken 
for these bacteria to proliferate to a level where the disappearance 
of 24D by their activity could first be detected by the cress root 
assay. Secondly, that induced by the presence of 24D, many existing 
bacteria form an adaptive enzyme or enzymes and that the lag period 
is the time taken by them to produce these new cell constituents.
Once the enzyme or enzyme system has been formed then rapid break­
down would ensue. Thirdly, that only a few bacteria adapt so that 
the lag period is a combination of a phase of adaptation and one of 
proliferation.
Results obtained by plate counts as reported in the previous 
section, suggest the third hypothesis. To verify this, sulphanilamide 
was employed as a bacteriostatic agent to prevent proliferation and 
respiration studies were carried out. If the active bacteria possess
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constitutive enzymes, oxygen consumption and carbon dioxide output 
should increase steadily from the beginning of perfusion simultane­
ously with an increase in numbers. If, on the other hand, there is 
a period of adaptation before proliferation, than gaseous interchange 
will take place at an endogenous rate until the adaptive enzymes have 
been formed.
No records of any work relating to the effect of bacteriostats 
on the breakdown of 24D in soils have been discovered but there are 
several reports on the evolution of carbon dioxide from herbicide- 
treated soils. Martin (33) measured the amount of carbon dioxide 
evolved from sterile 24D media inoculated with fresh soil and soil 
previously incubated with 24D. He found less carbon dioxide was 
evolved from the former and that the quantity given off from the pre­
treated soil was sufficient to indicate that the 24D had been broken 
down by micro-organisms. Newman (35) incubated soil with various 
concentrations of herbicides in stoppered bottles at 28°C. The 
carbon dioxide evolved over a period of one week was determined by a 
simultaneous absorption method. Additions of 24D, 245-T and MCPA 
at the rate of 2.5nigm per lOOg soil had no effect on the amount of 
carbon dioxide given off from the soil samples, but an application 
of 50mgm of 24D per lOOg soil caused a 31^ reduction in the carbon 
dioxide evolved. The toxicity of the samples at the end of the 
experimental period was not reported. Jensen and Petersen (22) 
studied the respiration of soil which had been inoculated with pure
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cultures of bacteria in comparison with uninoculated soils. They 
found that if pure cultures of active bacteria, which they had 
isolated from soil, were inoculated into soil samples with 0.01^ 24D, 
then there was an increased output of carbon dioxide from those soils. 
When added to a soil not inoculated with hormone-decomposing bacteria, 
0.01^ 24D and MCPA had no appreciable effect. The carbon dioxide 
evolution was measured over a period of two or three v/eeks, the soils 
being kept at 2$°C. At the end of this period no toxicity remained 
in the soils.
It was calculated that in the case of 0.01^ 24D and inoculated 
soil, 66-84^ of the carbon added in the herbicide had been evolved 
as carbon dioxide over a period of two or three weeks at 2$°C, v/hile 
in one case the carbon dioxide produced corresponded to a greater 
amount of carbon than that added as 24D.
These workers also found that in certain concentrations (O.Ol^ 
and 0.02)0) 24D stimulated the micro flora in a soil to break down 
added organic matter (lucerne meal). 0.0$)o 24D, however, slightly 
inhibited bacterial activity as indicated by a decrease in the amount 
of carbon dioxide evolved from the mixture of lucerne meal and soil. 
0 .05^ 24D applied to a normal soil (with no added lucerne meal) 
reduced the carbon dioxide yield by 20^ which agrees with the result 
obtained by Newman.
In these experiments toxicity tests were carried out by means 
of indicator plants (barley and vetch) either at the end of the
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experiment or in one case at five-day intervals over a period of 
twenty days. No attempt to correlate 24D concentration and carbon 
dioxide evolution was made.
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EXPERIMENTAL METHODS
Experiments with bacteriostat
The normal method of soil perfusion was employed and the 
sulphanilamide added to the perfusing fluid in the form of a 1^ 
aqueous solution. Concentrations used in the perfuser ranged from 
0 .05)0 to O.OO550, and were such that when perfusates samples were 
diluted for use in toxicity tests the sulphanilamide had no effect 
upon the cress roots. To remove the sulphanilamide from the per­
fusers the perfusate was drained off, the soil washed with distilled 
water and the apparatus set up again with a fresh solution of 24D.
B Respiration studies
Initial experiments were carried out by absorbing the carbon 
dioxide evolved from the soil in a perfuser in barium hydroxide 
contained in a Pettenkofer tube. A tube of small self-indicating 
granules of soda lime was attached to the sampling tube of the 
perfuser so that air drawn into the apparatus was free from carbon 
dioxide. The Pettenkofer tube, containing a 0.2 N solution of barium 
hydroxide was attached to the outlet from the reservoir of the per­
fuser and connected to the suction system. Air was thus drawn 
through the apparatus and bubbled slowly through the barium hydroxide 
solution. The amount of carbon dioxide evolved per day was estimated 
by titrating the barium hydroxide against O.O5 N hydrochloric acid 
using phenol phthalein as indicator. Toxicity tests were performed 
daily. This method gives only a very rough indication of changes
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in the rate of carbon dioxide evolution. Further experiments were 
therefore conducted using the more accurate Warburg technique by 
which the amount of oxygen absorbed could also be determined. Soil 
suspensions were used in place of perfused soil in this case in 
order to obtain suitable samples for use in the Warburg. lOOg soil 
were suspended in 400ral herbicide solution and the whole continuously 
aerated at constant temperature (25°C). Each day ^ml samples were 
withdrawn aseptically and placed in the Warburg flasks. Readings 
of the manometers were taken every hour for five or six hours from 
which the rate of respiration of the sample over that period could 
be calculated. Toxicity tests were carried out daily. Experiments 
were carried out in this manner with soil treated with various 
concentrations of 24D and with 100 ppm MCPA and PCPA.
The effect of perfusing soil with 100 ppm 24D in the absence of 
oxygen was studied by attaching a cylinder of nitrogen to the intake 
arm of the perfuser.
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RESULTS
EXPERIMENTS WITH SULPHMILAIŒDE 
Experiment 1
Three perfusers were set up, the soil being perfused v/ith 100 
ppm 24D solution containing 0.005^, 0.01)o and 0.05^ sulphanilamide 
respectively. After twenty-four days there was no detectable 
detoxication in any of the perfusers. In each case the perfusate 
was removed,‘the soil washed with sterile water and the perfuser 
restarted with a fresh 100 ppm solution of 24L, The soil which had 
been treated with 0.005^ sulphanilamide showed signs of detoxication 
after a further eleven days, that treated with 0.01^ after thirteen 
days and that perfused with 0.055^  after sixteen days (Pig XV).
When completely detoxicated, the 24D concentration was restored to 
100 ppm in the first two perfusers. No toxicity remained in either 
after two days. The concentration of 24D was again brought back to 
100 ppm this time in all three perfusers and to each was added 
sufficient concentrated sulphanilamide solution to give a final con­
centration of 0.005^. The time which elapsed before any detoxication 
was detectable was six, three and three days respectively. A final 
application of 24D in the presence of 0.005)6 sulphanilamide v/as 
broken down in three, four and three days respectively.
Experiment 2
A further experiment was carried out to determine the effect of 
adding sulphanilamide at various times during the lag period. A
Fig.XV# Effect of various concentrations of sulphanilamide on 
the duration of the lag period in the breakdown of 24D. 
Sulphanilamide removed after 24 days. Other small figures 
indicate numbers of days elapsing before first signs of detox­
ication are noted. In the experiment with O.OI5È sulphanilamide 
a futher dose of 24D was added on the 6lst day, before detox­
ication of the previous dose was complete.
f
> . Indicates addition of 24D or 24D plus sulphanilamide
to give a final concentration of 0 .005 /^ of the bacteriostat 
and to restore the 24D concentration to approximately lOOppra.
Fig.XVI. Effect of adding sulphanilamide to the perfusate of
-4
50gm air-dfied soil perfused with 200ml 10 24D at various
times during thelag period of 24D breakdown. Sulphanilamide was 
added to the perfusates to give a concentration of 0 #0055 #^
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series of perfusers was set up each being perfused by a 100 ppm 
solution of 24D. Sulphanilamide was added to one of the series on 
consecutive days throughout the normal lag period, the concentration 
in the perfuser being 0.005^ in each case. When applied during any 
of the first five days of perfusion, detoxication was markedly delayed 
by between forty and twenty-six days, but addition of sulphanilamide 
in the ninth and tenth days had no significant effect on the length 
of the lag period. The time taken’to detoxicate if sulphanilamide 
was added on the sixth or eighth day was progressively less though 
still greater than on the control (Fig XVI).
To prove that the sulphanilamide was still present in its 
original concentration at the end of the experiment, samples of the 
perfusates were estimated colorimetrically. To $ml perfusate v/as 
added 0.5ml of a O.Vfa fresh sodium nitrite solution. The solution 
was then allov/ed to stand for three minutes when 0.5ml of a 2^ 
ammonium sulphsimate solution v/as added. After standing for ten 
minutes 0.5ml of a IJ^  aqueous solution of N (l-naphthyl) ethylene- 
diamine hydrochloride was added to the liquid. 5ml of a standard 
0 .005?^ solution of sulphanilamide was similarly treated. The red 
colour of the perfusate samples was compared with that of the standard 
in an E.E.L. colorimeter. All the treated samples gave approximately 
the same reading as the standard showing that the concentration of 
sulphanilamide in the perfusates was still 0 .005/O.
Pig.XVIIA & XVIIB. Histograms .represent changes in the rate of
evolution of carbon dioxide from two lots of 50gm air-dried soil
perfused with 200ml I0~^24D. Carbon dioxide evolved during the
enrichment of the soil and subsequent applications of 24D
determined by the Pettenkofer method.
AI Indicates detoxication complete.
^  Indicates 24D applied.
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RESPIRATION STUDIES
A 2-4-DICHLOROPHEiroXYACETIC ACID (24P)
Experiment 1 - Pettenkofer method
During the first six or seven days of perfusion, carhon dioxide 
production gradually diminished, subsequently rising to a very high 
level just prior to detoxication (Figs XVIIA and XVIIB). As the 
toxicity of the perfusate decreased so a corresponding fall in carhon 
dioxide output was recorded. Pollov/ing the addition of 24D to the 
enriched soil, there was a marked increase in the amount of carhon 
dioxide evolved especially in case B. This increase persisted until 
detoxication was complete.
Experiment 2 - Warburg technique
-4.Four aerated soil suspensions were treated v/ith 10 , 3X10 ,
-4 -510 and 3X10 ^ 24D. The oxygen intake and carbon dioxide output
were measured daily in each case, toxicity tests being performed at
the same time (Figs XVIIIA, XVIIIB and XVIIIC).
a) 10  ^24P Carbon dioxide output fluctuates between 1.2 and
6.2ul per hour per 5id1 suspension throughout the experimental period 
of seventeen days. Oxygen consumption shows a general decrease over 
the first eight days following which there is a gradual rise in the 
rate of absorption of oxygen up to the end of the experiment. No 
detoxication was detected.
b) 3X10~~^  24D The rate of oxygen consumption shov/s an initial
slight fall, followed by a period during which the rate of intake is
rAi---"
(
"Fig.XVIIIA,XVIIIB,& XVIIIC. Changes in rates of evolution of
carbon dioxide and intake of oxygen by aerated soil suspensions
during the breakdown of various concentrations of 24D applied
to them. Rates of gaseous interchange determined by the Warburg 
method using $ml samples of the suspensions.
^  Indicates detoxication complete.
4^ Indicates 24D applied.
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fairly constant. This lasts for eight days and is superseded hy a 
marked increase in oxygen absorption just prior to detoxication, which 
occurs on the eleventh day. Carbon dioxide output follov/s the sane 
general pattern.
c) 10 ^ 24D In this case also, the evolution of carbon dioxide
and absorption of oxygen show the same trends. There is a steady 
increase in the rate of gaseous interchange during the lag period, 
with a more marked increase occurring just before detoxication on the 
thirteenth day. On the fifteenth day the samples were taken for the 
Warburg before the addition of a further dose of 24D. The rate of 
respiration on this day is much lower than on previous occasions.
During the next two days, however, both oxygen consumption and'carbon 
dioxide evolution are high, the maximum being reached on the sixteenth 
day, when the second detoxication occurred.
d) 3x10"^ 24P During the lag period, the rate of evolution of
carbon dioxide fluctuates quite indiscriminately and the addition of
a further dose of 24D to the enriched soil produces no marked increase. 
The rate of .oxygen consumption steadily increases from the seventh to 
fourteenth day but there is no apparent correlation between oxygen 
intake and 24D concentration.
Perfusion with 100 ppm in the absence of oxygen caused a delay 
in the completion of detoxication depending on the duration of the 
anaerobic conditions. If perfusion was carried out for the first 
one, two, three or four days in the absence of oxygen and air then
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admitted to the perfuser for the remainder of the experiment, the lag 
period v/as normal. If, however, perfusion in anaerobic conditions 
was more prolonged, that is for five or more days, than the lag period 
was increased by varying numbers of days, eight being the maximum.
B 2-bIETHYL-4-CHLOBOPHEITOXYACETIC ACID (MCPA) - Respiration of soil 
suspension studied in Warburg apparatus.
Oxygen consumption shows a marked increase over the first seven 
days, followed by several sharp fluctuations which precede detoxication 
(Fig XIX). There is no significant effect when a second application 
of KCPA is made to the enriched soil. The toxicity of the suspension 
persisted after the second dose of MCPA until the experiment was 
terminated. Carbon dioxide output shows a general increase during 
the first eight days and once again just prior to detoxication.
C PARACHLOROPHEROXYACETIC ACID (PCPA) - Respiration of soil sus- 
pension studied in Warburg apparatus.
Both carbon dioxide output and oxygen intake are enhanced 
between the third and ninth days of treatment, following which there 
is a decline in the rate of gaseous interchange (Pig XX). Three 
subsequent additions of PCPA to the enriched soil suspension stimulated 
both oxygen intake and carbon dioxide output in increasing amounts.
In each case, the herbicide concentration was restored to approximately 
100 ppm when detoxication had occurred.
Fig.XIX. Changes in rates of evolution of carbon dioxide and
i
intake of oxygen by an aerated soil suspension during the break­
down of IO~^MCPA. Rates of gaseous interchange determined by the 
Warburg method using samples of 'the suspension.
t
T  Indicates detoxication complete.
J/- Indicates MCPA added. *
Fig.XX. Changes in rates of evolution of carbon dioxide and 
intake of oxygen by^an aerated soil suspension during the break­
down of 10 ^PCPA. Rates of gaseous interchange determined by the 
Warburg method using samples of the suspension.
^  Indicates detoxication complete.
^  Indicates PCPA added.
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DISCUSSION ^
EXPERIMENTS V/ITH SULPHAinLAÎ^iIDE ■ ^ .;g#'
Sulphanilamide is a Dacteriostat which prevents the growth of 
bacteria by inhibiting the utilisation of para-aminobenzoic acid.
Pildes and Woods proposed that this latter compound 'is an essential 
metabolite for bacteria and that if its metabolism is in any way 
prevented, then growth ceases' (Gale 'Chemical Activities of Bacteria' 
(1 6))• Organisms which are able to synthesise para-aminobenzoic 
acid may eventually become resistant to sulphanilamide by increasing 
the rate of synthesis of the essential metabolite. Exacting 
organisms however cannot develop resistance to this bacteriostat.
The formation of adaptive enzymes should not, in theory, be 
affected by the sulphanilamide, so that it would be expected that 
adaptation should occur in its presence. The time taken to detoxicate 
after removal of the sulphanilamide should then represent the period 
of proliferation only and should be considerably less than the normal 
lag. In practice it' is found to be equal to or even slightly greater 
than the normal (sulphanilamide experiment l). From this it can be 
concluded that no adaptation to 24D occurs in the presence of 
sulphanilamide. This, however, is contradicted by the results of 
the second experiment where detoxication occurred after fifty-two 
days of perfusion in the presence of 0 .005?^ sulphanilamide. It can 
only be assumed therefore, that the active organisms develop 
resistance to the inhibitory action of sulphanilamide after a certain
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period and that adaptation and proliferation then proceed. In 
Experiment 1 it is possible that a certain amount of sulphanilamide 
remained in the perfusers after washing out and restarting with fresh 
24D, so that the rate of division was retarded. This would explain 
the unexpectedly long lag.
In considering the effect of sulphanilamide on an enriched 
soil, it is noted that the time elapsing between the application of 
24D with sulphanilamide and the onset of detoxication is two to three 
times as great as the same period in the absence of sulphanilamide. 
This upholds the hypothesis put forward in the previous section, that 
the number of active organisms must reach a certain minimal level 
before any detoxication can be detected by the cress root assay. 
Assuming that the active bacteria have developed partial resistance 
to sulphanilamide by the original twenty-four days of treatment, then 
the sulphanilamide will decrease the rate of division but not prevent 
it. The bacteria will therefore take longer to proliferate to the 
minimal level so that the time elapsing before the onset of detoxi­
cation will be correspondingly increased.
The second experiment with sulphanilamide indicates that the 
proliferation of organisms during the normal lag period takes place 
during the first eight days of perfusion and that it occurs most 
rapidly between the fifth and eighth days.
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RESPIRATION STUDIES 
A 24D
The results obtained by the Pettenkofer method, when soil is
treated with 100 ppm 24D, are borne out with the more accurate
I O o o  30
Warburg technique. In the experiments with 006 and ‘-l-B ppm 24D 
no correlation between rate of gaseous interchange and 24D breakdown 
was detected. This is probably due to the small quantities of 
carbon dioxide evolved in the fermer case, while in the Patter no 
detoxication was recorded. In the case of the 100 and 300 ppm 
solutions, however, a noticeable increase in carbon dioxide output 
occurs just prior to detoxication. This contradicts the results 
obtained by Jensen and Petersen (22) who observed no appreciable 
effect of 100 ppm on soils not inoculated with active bacteria, 
whereas 500 ppm caused a 20Jb reduction in the amount of carbon dioxide 
evolved as compared with an untreated soil. The amount of carbon 
dioxide evolved from the soil suspensions can be calculated from the 
respective graphs. Soil suspensions with no added herbicide respire 
at a fairly steady rate with slight temporary fluctuations in carbon 
dioxide output. The rate of endogenous respiration of the soil 
suspensions at 25°C is taken as 2ul carbon dioxide per hour. The 
area beneath the graphs over and above the endogenous level was cal­
culated in sq.mm. for daily periods during the detoxication period 
of fourteen days, (Table VIl). The total area beneath the 100 ppm 
graph during the first fourteen days is 2,190 sq.mm. The total area
TABLE VII
«S
10-4 24D 3x10“4 24D
Day. Area Beneath Amount 24D Area beneath Amount 24D
curve in left in curve in left in
sq. mm. arh. units. sq. ram. arb. units.
2- 3 16 2174 , 33 6158
3- 4 38 2136 53 6105
4- 5 46 2090 8 6097
5- 6 52 2038 26 6071
6- 7 94 1944 44 6027
7- 8 162 1782 36 5991
8- 9 241 1541 132 5859
9-10 263 1278 381 5478
10-11 293 985 1730 3748
11-12 386 599 1825 1923
12-13 479 120 1245 678
13-14 120 0 678 0
Total 2190 Total 6191
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beneath the 300 ppm graph dijiring a similar period is 6.191 sq.mm. 
which approximates to 3 x 2,190 sq.mm. (6,570 sq.mm). This indicates 
that all the carbon dioxide evolved over the endogenous rate is 
derived from the 24D. It is thus possible to construct a theoretical 
detoxication curve using the amount of carbon dioxide given off each 
day as an indication of the amount of 24D broken down in that time.
The amount of carbon dioxide evolved per day is calculated from the 
area beneath the graph as before and the daily amounts are summed and 
then subtracted from the total carbon dioxide output during the 
detoxication period, to obtain an estimate of the amount of 24D 
remaining at the end of each day (Table VIl).
a) 10 ^ solution
First sign of detoxication noted on 12th day - 599 *units' 24D remained. 
599 is approx. 27*4^ of total 24D originally present (2 ,1 9 0 units). 
Original concentration of 24D = 100 ppm.
First sign occurs when perfusate conc. = 27.4 ppm (2.74 % 10 ^).
b) 3x10"^ solution
First sign of detoxication noted when 678 units of 24D remained.
678 is approx. 1 0.9^^ of total 24D originally present (6 ,191 units). 
Original concentration of 24D = _)00 ppm.
First sign occurs when perfusate conc. =.32.7 ppm (3.27 x 10 ^).
In these respiration experiments, the samples taken for the cress 
root assay were diluted 1 in 1,000 before use. The first signs of 
detoxication are therefore obtained when the 24D concentration in the
Fig.XXI.
Calibration assay of 24-dichlorophenoxyacetic acid. 
Three replications were made for each concentration and the 
four longest roots measured in each case.
Conc. 24D. Aver, length 
of roots in mm.
Root index.
10-5 0.75 0 .9 1
3x10-^ 1 .5 0 1 .8 2
1 0 -6 3 .7 7 4 .8 3
3x100? 7 .0 4 8 .5 6
10-? 1 6 .3 0 1 9 .8 0
3x10-8 2 7 .7 0 3 3 .7 0 •
1 0 -8 5 2 .1 0 6 3 .4 0
10-9 7 7 .0 0 9 3 .7 0
■ 10-?°-' 7 9 .2 0 9 6 .4 0
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diluted sample is of the order of 3X10 ' , No detoxication can he
—8detected when the concentration is greater than 4*5X10 . It is at
a p p ro x im a te ly  these concentrations that the values of the root index
begin to increaseX^n the 24D calibration curve (Fig XXl).
If no detoxication can be traced until the concentration of 24D
in the suspension has been reduced to approximately 3X10 , then it
-3
is quite possible that in the case of suspensions treated with 10 
24D a considerable amount of breakdown occurs undetected. 200ml of 
10  ^solution contain 0,2g 24D. No detoxication can be detected
_5
until the concentration is reduced to 3X10 that is, v/hen 0.006g 
24D remain. Thus 0.1949g of 24D could be broken down with no sign 
being given in the assays. Complete detoxication may be prevented 
by the exhaustion of other essential metabolites. Conversely, the 
active organisms which have to adapt to the new substrate 24D may not 
be able to do so if subjected to high concentrations initially. It 
is possible that in order to detoxicate 10  ^solutions the bacteria
must be trained by treatment with lower concentrations.
The theoretical détoxication charts indicate breakdown of 24D 
at a very slow rate from the beginning of the experiment. In the
case of the 100 ppm 24D (Fig XXIIA) the rate gradually increases
throughout the lag period but with the 300 ppm 24D (Fig XXIIB) there 
is a sharp increase in the rate of breakdown at about the eighth day. 
This is consistent with the hypothesis of an initial period of 
adaptation, followed by a period of utilisation of the 24D for growth
4'
-4
Pig. XXIIA & XXIIB. Theoretical detoxication charts for 10 24D
and 3xIO"”^ 24D plotted from data in table VII.
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and proliferation. The method of calculating the theoretical graph 
is obviously only a very rough one and the initial slow rate of 
breakdown is probably an inaccuracy.
The amount of carbon dioxide which should be evolved from an 
enriched soil on adding further amounts of 24D can be calculated 
assuming complete oxidation of the 24D molecule. On this basis the 
R.Q. for 24D = 1.
M.W. 24D = 221g
1 molecule 24D gives rise to 8 molecules carbon dioxide
B^m.olecules carbon dioxide occupy 179*2 litres at 2T.T.P.
Therefore 221g 24b gives 179*2 litres carbon dioxide at R'.T.P.
5ml samples of soil suspension were used in the vYarburg flasks,
the 5n)l of 100 ppm 24D containingO,^mgm of the herbicide.
o
In an enriched soil at 25 C 0.5mgm 24D are broken down in 50
hours, that is at the rate of 1 0 per hour.
10 2^ 24D = G.lcu.mm^per hour at N\T.P.
CO^ Q
or 8 .8 4 cu.mra^per hour at 25 C.
The average reading of the Warburg over the two days following 
the restoration of the 24D concentration to 100 ppm, gives a rate of 
carbon dioxide evolution of 8.8 cu.mra per hour at 25^0 which is in 
very good agreement with the theoretical value. Jensen and Petersen 
were able to recover only 66-845  ^of the carbon added as 10 ^ 24D
during a period of two to three weeks at 25^0 .
It may, therefore, be concluded that the 24D molecule is
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completely oxidised to carbon dioxide and water by the active organ­
isms. As all the carbon added as 24b can be accounted for as 
carbon dioxide given off, then the active organisms must be using 
the herbicide as a source of energy and not of carbon. The carbon 
dioxide which was found to be essential for their growth in culture 
can be assumed to be the source of carbon for these organisms, which 
can therefore be classified as facultative autotrophs.
Perfusion in the absence of oxygen indicates that either oxygen 
is not necessary for the processes occurring during the first four 
days of the lag period or that the hormone-decomposing bacteria can 
resist the lethal effect of oxygen lack for a short period only.
The first alternative is the more probable when it is remembered that 
bacterial proliferation and increase in oxygen uptake commence on 
about the sixth day of perfusion.
B and C MCPA and PCPA
The results obtained with these herbicides do not show any clear 
trends during the lag period and no comparison can be drawn with the 
changes in rates of gaseous interchange obtained in the case of 24D.
In the case of PCPA, only after several applications of the herbicide 
to the enriched soil is an increase in carbon dioxide output noted.
This could be explained by supposing that the organisms responsible 
for the breakdown are slow-growing and until the soil has been 
repeatedly treated these organisms are swamped or overshadowed by 
normal soil bacteria. The continued application of PCPA will, however,
96
act as a selective agent, favouring the PCPA bacteria to the 
detriment of the remaining organisms.
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P A R T  T H R E E  
Studies on the activity of a pure culture of an organism isolated 
from the soil.
II^TRODUCTIQN
Newman and Thomas (36) studied the decomposition of 24D in liquid 
media by mixed and pure cultures of soil bacteria. A basal medium 
containing 24P was inoculated with small samples of soil. V/hen 
detoxication was complete, subcultures into fresh liquid 24b medium 
were made from these suspensions. None of the mixed cultures was 
able to detoxicate completely the solutions and some were incapable 
of decomposing even a small amount of the 24b present. Vvben yeast 
extract was added, however, detoxication did occur in some of the 
suspensions. This was taken to.indicate a need for accessory growth 
factors or a supplemental energy source by the bacteria in order that 
they may readily break down 24b. Newman attempted to isolate the 
effective organisms from these mixed cultures but although certain of 
his isolates would decompose 24b slightly as determined by the oxygen 
demand technique, in other experiments there was no evidence of any 
decomposition when this was determined by the cucumber root elongation 
test.
Audus (4 ) successfully isolated an organism from the perfusate 
of a 24b enriched soil, which when inoculated as a suspension into 
dry soil crumbs and perfused with 250ml 100 ppm 24b solution, effected 
breakdown in two days instead of the usual ten to fourteen. The
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bacterium would also decompose 24b if the solution containing the 
suspension was perfused through a plug of sterile glass wool, but 
in this case at a slightly slower rate. The organism would not 
grow on basal agar medium alone or in an aqueous 24b medium. If 
traces of agar were added to the liquid medium then some growth 
occurred at the surface. From this Audus concluded that the 
bacterium uses 24b as its sole source of carbon and that it is an 
obligate aerobe, possibly requiring some essential growth factor 
which it can obtain from impurities in the agar. The bacterium was 
a short non-mobile rod. Gram negative, with bipolar Gram positive 
granules. On 24b medium it formed small, smooth, translucent, 
punctiform colonies of dull, greyish-cream colour. The growth 
decreased in vigour with successive subcultures and the individual 
bacteria increased in length. Preliminary tests indicated that the 
organism belongs to the B. globiforrae group of soil bacteria though 
no exact identification v/as carried out. Jensen and Petersen (22) 
made a detailed investigation of the nature and activity of two 
organisms capable of decomposing 24b which they isolated from two 
acid soils, one a loam with high humus content and the other a humus 
soil. Streaked and poured plates were made from these soils after 
repeated treatment with 24b. A basal medium containing 1,000 ppm 
24b v;as used. After incubation at 25^0 for three weeks all plates 
showed several large, pale yellow colonies and in addition those from 
the humus soil had many small white colonies. Both types were
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isolated into pure culture. The pale yellow bacterium was identified 
as Flavobacterium aquatile but the other organism could not be named.
In some respects it resembled the B. globiforme organism isolated by 
Audus. It grew very poorly in normal bacteriological media and 
showed a marked preference for 24b and MCPA. Jensen and Petersen 
considered it possible that this organism was an induced mutant 
adapted to a limited number of cyclic compounds.
Both bacteria decomposed 24b in solid agar medium and the 
unidentified organism attacked MCPA also. No significant detoxication 
was detected by culturing in soil extract for two months but in 
sterile soil Flavobacterium aquatile effected breakdovm in five to 
six days and the second organism in tv/o weeks. The total amount of 
carbon dioxide evolved over a period of two or three weeks was much 
greater in a 24b-treated soil inoculated with these organisms than in 
a comparable uninoculated one. The amount of carbon dioxide evolved 
indicated almost complete oxidation of the 24b added.
No attempt was made by any of these v/orkers to follow day-to-day 
changes in rates of respiration or actual numbers of bacteria during 
the course of detoxication.
1 00
METHODS Ain) RESULTS
Prom plates of enriched soil suspension on 24D agar medium 
various types of colonies as studied in the differential plate counts 
were isolated onto 100 ppm 24D agar, nutrient agar and 100 ppm 24D 
liquid medium. The liquid media were continually aerated hy a 
stream of filtered air and samples were assayed at frequent intervals 
to detect any change in 24D concentration. A large number of 
isolations were made in this manner but in no case was any loss in 
toxicity of the medium noted. All the organisms grew well on 
nutrient agar and some showed a sparse growth on 24D agar slants. 
Certain of these were inoculated into soil which had been dry- 
sterilised by heating at 140^C in a hot air oven for several hours, 
and then suspended in 100 ppm 24D solution. The suspensions were 
continually aerated and kept at a constant temperature of 25^C. In 
only one case did any detoxication occur and with this organism 200ml 
100 ppm 24D solution were completely detoxicated in six days. This 
is very much shorter than the usual lag period obtained with the 
first application of 24D to a non-enriched soil, which shows that the 
detoxication is due to the bacterium inoculated and not to any 
organisms in the soil which may have escaped death during the heat 
sterilisation. Further doses of 2 #  were rapidly decomposed in two 
days, as in the case of a normal enriched soil. It may be concluded 
therefore that the bacterium isolated (and called S^) is responsible 
for the breakdown of 24D in this soil, though it must be borne in
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mind that it may not be the only one. The fact that from so many 
isolations only one bacterium was active indicates that the power 
of decomposing 24D is not a common property of soil organisms.
These results agree with those of Jensen and Petersen (22) although 
bacterium is more active than either P. aquatile or their 
unidentified organism.
On 100 ppm 24D agar medium bacterium formed very sparse 
greyish-white colonies identifiable with the lenticular colonies 
observed in the differential counts. On the surface of the medium 
the colonies were spherical in shape but if embedded in the agar then 
the colony form was lenticular. On nutrient agar the colonies were 
larger, spherical and dull yellow in colour. When examined in 
stained smears the organisms appeared to be in the form of short 
rods on nutrient agar, v/hile on 24D agar the cells were coccoid and 
much smaller.
The morphological and cultural characteristics were as follows : 
Oram negative, short rods or cocci 
Non-acid fast 
No capsule 
No spores 
Non-motile
Liquefaction of gelatin slow, stratiform
Reduction of nitrate marked
Reduction of methylene blue very rapid
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No indole produced 
No ammonia produced
Growth on potato plug hrov/nish-yel 1 ow mucoid 
In maltose, lactose, sucrose gas produced but no acid 
In glucose no acid or gas
Nutrient broth, even turbidity with pellide.
Over a prolonged period, this bacterium repeatedly detoxicated 
24D applied at the rate of 100 ppm, breakdown being completed in 
two days in each case. All efforts to achieve detoxication in basal 
24D liquid medium were, however, unsuccessful; no trace of breakdovm 
was detected in the absence of sterile soil crumbs. Although no 
detectable detoxication occurred in these circumstances, a certain 
amount of growth took place as determined turbimetrically using an 
Evelyn photo-electric colorimeter. The bacterium was cultured 
for ten days at 25°C in nutrient broth and in broth containing 100 
ppm 24b. At the end of this time there was an increased amount of 
growth in the latter medium as indicated by a greater deflection of 
the galvanometer needle. Culture in soil extract was also in­
effective in promoting the decomposition of 24b. The behaviour of 
the bacterium thus resembles that of the organisms isolated by Jensen 
and Petersen. The results suggest that the bacterium required 
either some factor(s) from the soil which are destroyed in the pre­
paration of the soil extract, or a surface area of considerable size 
at which certain metabolic processes can take place. The former
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possibility is the more probable v/hen the results obtained by Newman 
are remembered (necessity of yeast extract for detoxication) but the 
latter cannot be discounted when it is recalled that the B. globiforrae 
isolated by Audus detoxicated 200ml of a 100 ppm solution of 24b 
when perfused through a sterile glass wool plug and yet did not effect 
the decomposition of a similar solution contained in a glass vessel.
The ability to detoxicate 24b was retained by bacterium after 
many subcultures on nutrient agar and various sugar media, although 
on being returned to 24b media the first detoxication took on the 
average four to six days. A certain amount of de-adaptation had 
probably occurred in the absence of the herbicide.
The respiration of a suspension of bacterium inoculated into
400ml of 100 ppm solution of 24b containing lOOg of sterile soil 
crumbs was followed from day to day by taking 5^ 31 samples for use 
in the Warburg apparatus. Toxicity tests were performed daily.
The first detoxication took six days, the herbicide being broken down 
at an overall rate of 6 .6mg per day (Pig XXIIIA). During this 
period carbon dioxide output and oxygen intake were greatly enhanced. 
Pollowing detoxication the rate of gaseous interchange gradually 
decreased. A second application of 24b restoring the concentration 
in the suspension to 100 ppm once again stimulated respiration.
An immediate very marked increase in the rate of carbon dioxide
output occurred accompanied by a similar change in the rate of oxygen 
intake. Detoxication in this case was completed in two days
F i XXIIIA. Changes in rates of evolution of carbon dioxide and 
intake of oxygen by an aerated suspension of bacterium in the 
presence of sterile soil crumbs. 24b added to the suspension at 
the beginning of the experiment to give a concentration of app­
roximately 10 Rates of gaseous interchange determined by the 
Warburg method using 5^1 samples of the suspension.
^  Indicates detoxication complete.
4^  • Indicates 24b added.
Fig.XXIIIB. Changes in the number of bacteria in the same
suspension of bacteria following the second application of
"til
24b, i.e. counts taken during the 13-17 day of Expt. plotted 
^ a s  Fig.XXIIIA. Number per ml determined by plating diluted samples 
of the suspension on 10 ^24b agar medium.
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following which the rate of respiration once more fell to a low 
level. During this second treatment with 241^  plates of diluted 
samples of the suspension were made on 24D agar medium (lOO ppm). 
These were counted after seven days of incubation at 25^0, when a 
large number of roughly spherical, dirty-white, umbonate colonies 
had developed. It can be seen from the graph (Pig XXIIIB) that 
following the application of 24D there is a proliferation of 
organisms coincident with the noted enhanced rate of respiration. 
This excellent correlation substantiates the results previously 
obtained when dealing with a complete soil. In the pure culture 
also, the maximum carbon dioxide output occurs two days after the 
application of 24D, although here the bacterial numbers are greatest 
on the day following retreatment and have fallen slightly by the 
second.
Further experiments were carried out to determine the effect of 
adding a second dose of herbicide when the carbon dioxide output is 
at a maximum. 24D was applied at the rate of 100 ppm to a sus­
pension of bacterium Sy and two days later an equal quantity was 
added to the culture. Carbon dioxide output and oxygen intake 
increased markedly in the first two days as in previous cases but 
the expected subsequent burst in carbon dioxide output was not 
detected (Pig XXIV). Detoxication of this second dose of 24D was 
almost complete in one daj»- and the extra carbon dioxide may thus 
have been given off very rapidly between the periods of sampling.
Fig.XXIV. Changes in rates of evolution of carbon dioxide and 
intake of oxygen by aerated suspension of bacterium in the 
presence of sterile soil crumbs. A second dose of 24D was added 
to the suspension when the carbon dioxide output was at a 
maximum. Upper chart indicates concentration of 24D in the 
suspension.
Fig.XXV. Immediate changes in the rate of gaseous interchange 
on adding 24^ to a suspension of bacterium in the presence 
of sterile soil crumbs. Evolution of .carbon dioxide and intake 
of oxygen by a sample determined at half-hourly intervals. 
243) added from side arm of Warburg flask after I-g hours to 
give a concentration of lOOppm.
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That this v/as probably so is home out by an experiment where the 
rate of respiration was determined immediately following the addition 
of herbicide to the active culture. For this purpose a suspension 
of bacterium in the presence of sterile soil particles was 
placed in Warburg flasks and the required amount of 1,000 ppm 24D 
solution pipetted into the side arm so that on mixing the final 
concentration of herbicide was 100 ppm. The rate of carbon dioxide 
output and oxygen intake was followed at"half-hourly intervals 
immediately before and after the addition of the 24D solution (Fig 
XXV), Rates of gaseous interchange were somewhat irregular prior 
to the mixing of the fluids but in the two hours following, both 
carbon dioxide output and oxygen consumption were increased. Within 
an hour, the rate of the carbon dioxide evolution was increased to 
seven times the endogenous rate. The rate of oxygen uptake showed 
a similar though not quite so marked augmentation.
The respiration of a suspension of the bacterium was followed 
during the course of an experiment where 0,01^ sulphanilamide was 
added at the same time as 24D, The suspension had previously been 
used for other experiments and was treated with two doses of 24D 
alone before the sulphanilamide was added in order to develop a highly 
active culture.
Although the 24D was rapidly broken down by the culture, with 
the first application of herbicide no marked evolution of carbon 
dioxide was noted. With the second dose of 241), however, the carbon
Pig.XXVA.
The effect of 0.005^ sulphanilamide on the rate of 
carbon dioxide output and oxygen intake during thebreakdown 
of 10"^24D by a suspension of bacterium in the presence 
of sterile soil crumbs.
I Indicates detoxication complete
Indicates addition of 24D or 24D plus sulphanilamide.
I
ÿ-
% ■
Day ul.Og/hr ul.COg/hr-
1 2.17 2 .4 0
2 5-55 3 .9 6
3 2.78 3 .0 0
4 8.02 0 .9 1
5 3 .9 0 7 .8 6
9 - 1 8 .6 0 1 8 .9 7
10 4 .2 3 2 .7 7
11 4 .3 4 4 .0 5
12 5 .9 1 5 .1 9
15 5 .8 5 5 .9 1
16 3 .4 7 3 .7 5
17:.n 3 .4 7 4 .0 1
18 4 .5 5 4 .8 2
19 2.60 3 .2 0
22. 2 .0 8 2 .3 5
23 • 2 .2 6 2.11
24../;^ 1 .5 6 2.12 •
XXVA
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dioxide output and oxygen intake were greatly enhanced. Following 
the application of 2 #  + 0.01^ sulphanilamide, once again no 
stimulation of respiration was noted. Detoxication was complete 
in two days, as it was when 24D alone was added to the suspension,
A further dose of herbicide (sulphanilamide still present in sus­
pension) was not completely broken down in three days, at v/hich time 
more 24D was added bringing the concentration of this compound to 
approximately 23 ppm. Three days later the concentration of 2AD 
was 17 ppm,
0,01^ sulphanilamide would thus appear to have only a slight 
effect on the breakdov/n of 24D, detoxication being carried put at 
a slightly slower rate in its presence. This is in keeping with 
the results obtained with enriched soils, Gleen and Quastel (I8 ) 
found a similar phenomen when investigating the activity of sulphur- 
oxidising organisms in soil, 0,01^ sulphanilamide inhibited 
thiosulphate oxidation in fresh soil, but had no effect on the 
activity of an enriched soil. They concluded therefore that the 
organisms were not proliferating in the latter case.
It would thus appear that the numbers of bacteria must reach 
a certain minimum level before detectable detoxication occurs and 
that this level is reached during the initial treatment with the 
herbicide. An enriched soil and a pure culture of active bacteria 
contain a number of organisms by far in excess of this minimum so 
that sulphanilamide has no effect on the rate of detoxication even
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though it prevents proliferation. The observed increase in numbers 
of bacteria in a pure culture (Fig XXIIIB) would not therefore be 
essential for the breakdown of 24D although accompanying it.
When tested with other herbicides, suspensions of bacterium 
in the presence of sterile soil crumbs effected slight detoxication 
of a 100 ppm solution of PCPA in ten to fourteen days. Detoxication 
was not completed, however, after a prolonged period and in the case 
of MCPA no breakdown was detected.
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P A R T  F O U R  
Effect of pre-enrichment of soil with autotrophic organisms on 
detoxication and the effect of herbicides on certain soil processes 
INTRODUCTION
24D and other herbicides have been found to have a variety of 
effects upon various autotrophic bacteria. Smith, Dawson and 
Wenzel (45) found that both nitrite- and nitrate-forming organisms 
were injured by 25-100 ppm 24D (acid) but recovered in ten to four­
teen days. The nitrite-forming bacteria were the more sensitive. 
Treatment with 5^0 ppm 24D caused complete inhibition, no recovery 
having taken place in ninety days.
Carlyle and Thorpe (9 ) noted that 1,000-3,000 ppm inhibited 
the growth of Rhizobium meliloti, lupini, phaseoli and japonicum, 
while R. trifolii and R. luguminosarum were more sensitive. The 
latter were inhibited by 200-400 ppn. Payne and Fults (1 5) also 
noted that 24D decreased the percentage of nodulation in leguminous 
plants. Worth and McCabe (53) found Azobacter, various anaerobes 
and facultative anaerobes to be more resistant to 24D. These 
organisms were able to tolerate 2^ herbicide and lower concentrations 
seemed to favour growth in some cases. In contradiction to the 
results obtained by Carlyle and Thorpe these workers obtained a 
marked inhibition of R. japonicum with 2 ppm 24D. It would appear 
that they had obtained a more sensitive strain of this organism.
Jensen and Petersen (22) examined the growth of a considerable
Ill
number of both autotrophic and heterotrophic soil organisms when 
streaked on agar media containing various concentrations of herbicides. 
Special media were used for Nitrosomonas, Cellvibrio and Cytophaga.
They found that 24D and MCPA are only moderately toxic, many organisms 
being able to tolerate O.O5M and the most sensitive being suppressed 
only by O.OO5 - O.OIM. These results thus agree with those obtained 
by Worth and McCabe. Nitrosomonas europaea was found to be no more 
sensitive than the majority of heterotrophs.
Newman (35) investigated the effect of various herbicides on 
nitrification using the pot technique. ’When 24D, 245? and MCPA were 
added to soil at the rate of 2.^mgm per lOOg (25 ppm) only 24D 
decreased the nitrification of added ammonium sulphate. At higher 
rates (l25 or 5OO ppm) all these compounds inhibited the process.
As even 2.5mgm per lOOg soil is more than ten times the amount which 
would normally reach the soil in spraying, it is obvious that the 
use of herbicides for weed control will in no way inhibit the activity 
of the nitrifying organisms. Jones performed similar experiments 
on a Prairie soil and found that when applied at rates up to 12.5 
ppm 24D had no injurious effect on nitrification in a soil to which 
no nitrogen had been added. If, however, nitrogen were added to 
the soil in the form of urea or sodium nitrate, 7*5 ppm 24D was 
sufficient to inhibit, temporarily, the formation of nitrates.
Koike and Gainey (2 5) studied the effect of 24D on nitrification 
in two types of soil. On a sandy loam rates of application between
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3 and 501hs per acre (I.5 and. 25 ppm) caused a significant 
reduction in the accLimulation of nitrate-nitrogen during the first 
four weeks of the experiment. At the end of eight weeks, however, 
total nitrate-nitrogen present equalled that in the controls. In 
this soil, therefore, there is an initial period of inhibition, 
followed by a recovery. In a silt loam, the lowest rate of 
application (31bs per acre) had no effect over a period of sixteen 
weeks while the maximum rate of ^Olbs per acre caused a marked 
reduction in nitrification and no recovery was detected over the 
experimental period. Results with 10 and 251bs per acre were 
similar to those obtained with the sandy loam.
Less and Quastel (2 7) originally designed the perfusion 
apparatus in order to stud^  ^the process of nitrification in soil. 
These workers followed the normal course of nitrification as it 
occurs in a soil perfused with solutions of ammonium salts or various 
organic nitrogen compounds (28). 200ml of ammonium chloride
solution was completely converted to nitrate in ten to fifteen days 
by 40g air-dried soil crumbs at Further, equal doses of the
ammonium salt were nitrified in two days at a linear rate and with 
no initial lag period. The effect of herbicides on the process was 
not investigated.
Gleen and Quastel (I8 ) carried out comparable experiments in 
connection with the oxidation of sodium thiosulphate and other 
sulphur compounds by.autotrophic soil organisms and obtained similar
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results. 30g soil perfused with 200ml of 0.033N sodium thio­
sulphate, oxidised the thiosulphate at an increasing rate after an 
initial lag period. On removing the perfusate and replacing it with 
a fresh thiosulphate solution the latter was metabolised at a 
constant rate with no lag period. The initial conversion took on 
the average six days while further oxidations were completed in one ' 
day or less.
It was decided to substantiate the findings of those workers 
who used the pot technique to discover the effect of herbicides on 
nitrification by using the alternative perfusion method. The 
effect of these compounds on the oxidation of sulphur was also 
determined. The possibility of enriching a soil to more than one 
compound simultaneously was investigated. Soil was treated with 
metabolites which would stimulate the development of the autotrophic 
organisms before perfusion with the herbicides and the effect on the 
lag period noted.
114
METHODS
In the experiments on nitrification, 5 %  air-dried soil crumbs 
were perfused with 200ml ammonium chloride. Disappearance of 
ammonium ions was detected by testing the perfusate with Nessler*s 
reagent. The concentration of ammonium ions was not accurately 
determined, but arbitrary units were used to give some indication 
of the rate of disappearance of these cations.
Colour with Nessler's solution Arbitrary units
Brown - deep orange 3
Orange - yellow 2
Straw 1
Colourless 0
V/hen no yellow colour was obtained on testing, the perfusate 
was removed, the soil drained and washed with distilled water to 
remove nitrates, which inhibit the nitrification process if present 
in any large amount. The soil was then perfused once more with a 
fresh ammonium chloride solution of the same concentration as before.
A similar procedure was followed in the case of perfusion with 
thiosulphate. The perfusing fluid was a 0.033N solution of sodium
thiosulphate. To detect oxidation of this compound 1ml samples of
perfusate were added to 10ml lots of approximately 0.033N iodine in 
potassium iodide. The solutions were then titrated against O.OOI5N 
sodium thiosulphate. When the concentration of thiosulphate in the 
perfusate was low, ^ml samples were taken for back-titration. The
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herbicides used were 24D, MCPA, PCPA, ammonium sulphamate and maleic 
hydrazide. The latter is insoluble in water and was dissolved in 
a small volume of triethanolamine, the solution subsequently being 
diluted to the required concentration. At the concentration present 
after dilution for use in the cress root assays, triethanolamine was 
found to have no effect on the growth of the seedlings.
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RESULTS
A rlFFECT OF HERBICIDES ON NITRIFICATION
The first application of ammonium chloride took on the average
eleven to twelve days to he completely converted to nitrites. The
second and third ammonium chloride doses were broken down in
successively shorter periods. Eventually nitrification took place
at a steady rate (completed in four days) and the soil was then
considered to be saturated with nitrifying bacteria. When 100 pjxn
M24D was added to such a soil together with 200ml ^qq ammonium 
chloride it took fourteen days for the ammonium ions to be converted 
to nitrite (Fig XXVT). The injurious effect of the herbicide is 
not permanent; however, for if further doses of 24D are applied with 
ammonium chloride, the rate of nitrification gradually increases 
until it returns to the normal rate observed in saturated soils.
Thus the nitrifying bacteria either adapt to the presence of 24D and 
become tolerant or a resistant population develops from a few 
resistant organisms originally present in the soil. In the presence 
of 24D, there is no gradual disappearance of ammonium ions as far 
as can be detected using the rather inaccurate Nessler's test. It 
would appear that the concentration of these cations remains constant 
for eight days before-conversion to nitrite begins (Fig XXVII).
This supports the former alternative, that of adaptation, in prefer­
ence to that of the proliferation of a few resistant organisms.
Other herbicides, MCPA, PCPA and ammonium sulphamate have a much
Fig*XXVI. Effect of herbicides on the nitrification of ammonium 
chloride by soil bacteria. Histograms show the number of days 
taken to completely convert all ammonium ions to nitrite in the 
absence and presence of various concentrations of herbicides.
^  Indicates nitrification in absence of herbicide.
Indicates nitrification in presence of herbicide.
M
Fig.XXVII. Effect of lOOppm 24D on nitrification of 200ml2W 
ammonium chloride. Arrows indicate application of fresh ammonium 
chloride solution. First three applications were of the ammonium 
salt alone. Irt the remainder the fresh solution applied contained 
lOOppm 24D* Lower lines indicate persistence of 24D in perfusate.
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weaker deleterious effect on nitrification than 100 ppm 24D, when 
employed in similar concentrations (Fig XXVI). Conversion to
nitrites took seven days in the case of 100 ppm MCPA and only five 
in comparison with the normal four with 100 ppm PCPA and ammonium 
sulphamate. Higher concentrations had a more marked effect, the 
ammonium ions being completely removed in fifteen days in the 
presence of 10 ppm PCPA and twenty-four days in the case of 10 ppm 
MCPA. There was no recovery of the nitrifying organisms when 
subjected to 10 ppm PCPA, two further applications of ammonium 
chloride being nitrified in fourteen and fifteen days respectively.
In no case did pre-enrichment of the soil with nitrifying 
organisms affect the detoxication of the herbicides. 24D> PCPA 
and MCPA breakdown occurred in the normal period on the first and 
subsequent applications of herbicides. It was found impossible 
to devise a method of estimating small quantities of ammonium 
sulphamate.
B EFFECT OF HERBICIDES ON OXIDATION OF THIOSULPHATE
In the first perfusion of ^Og soil with 200ml 0.033N sodium 
thiosulphate, no trace of this compound remained after eleven to 
thirteen days. The rate of oxidation was slow at first but 
increased gradually over the last three to five days. Subsequent 
applications of thiosulphate were oxidised in progressively shorter 
periods, until 200ml 0.033N sodium thiosulphate was metabolised in 
one to three days. The process was unaffected by the presence of
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100 ppm 24D 5 MCPA, PCPA, ammonium sulphamate and maleic hydrazide 
(Figs XXVIIlA and XXVIIIB), Similarly, detoxication of the three 
phenoxyacetic acids was in no way influenced "by pre-enrichment of 
the soil with sulphur-oxidising autotrophs.
Fig.XXVIIlA. Effect of lOOppm 24D on the oxidation of thiosulphate 
in soil. The first two treatments were of thiosulphate alone.
In the third case the fresh thiosulphate solution applied 
contained lOOppm 24D.
FigXXVIIIB. Effect of lOOppm herbicides on the oxidation of 
thiosulphate in soil. Graphs show rate of oxidation of 
thiosulphate on initial applications to soils and on subsequent 
treatment of enriched soils with thiosulphate alone and 
thiosulphate plus lOOppm herbicides.
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DISCUSSION
The normal course of nitrification in the soil studied 
resembled that in the soil used by Lees and Quastel (2?). The 
effect of various herbicides agrees in the main with the results 
obtained by other workers. Thiosulphate oxidation proceeds in 
this soil in the manner described by Gleen and Quastel (l8 ) for 
several soils of different origin.
Lees and Quastel (28) first introduced the conception of 
an enriched or saturated soil in connection with their work on 
nitrification. They proposed that the rate of nitrification of a 
given quantity of ammonium sulphate is proportional to the degree 
of adsorption or combination of the ammonium ions, on or in the 
soil and that these ions are the ones nitrified by soil organisms. 
They confirmed this hypothesis by adding sterile soil to a nitrifying 
soil, when the rate of nitrification was increased in proportion to 
the base-exchange capacity of the latter. Also the addition of 
calcium ions to the soil reduced the rate of nitrification. It 
may be taken therefore 'that the nitrifying bacteria grow on the 
surfaces of the soil crumbs at the sites where ammonium ions are 
held in base exchange and proliferate at the expense of such ad­
sorbed ammonium ions' (Quastel (4 0)). \Vhen all the available sites 
have been occupied in a soil, then that soil is said to be saturated 
or enriched with the organism concerned, and will break down at a 
constant rate the compound used to produce the enrichment. It
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follows that once a soil is saturated no further proliferation will 
occur except to replace cells which have died.
The similarity between the behaviour of a soil perfused v/ith 
24D and one perfused with ammonium chloride suggests that attack 
of the herbicide also occurs at the surfaces of the soil crumbs.
This is supported by the fact that pure cultures of the active 
organism do not effect detoxication in liquid medium, unless 
sterile soil is added.
Gleen and Quastel showed that O.ljo sulphanilamide has no effect 
on the oxidation of thiosulphate in an enriched soil, supporting the 
hypothesis of the absence of proliferation once all the available 
sites on the surfaces of the soil crumbs have been occupied. The 
same result was obtained with soils enriched to 24D, indicating that 
proliferation is not essential to the breakdown process. That 
growth does occur, however, was shov/n by the counts taken at inter­
vals during the breakdown of 24D by enriched soils and by a sus­
pension of the active organism in sterile soil. It is probable 
that during the interval between complete detoxication and the
application of a further dose of herbicide a considerable number of
bacteria would have died. In the absence of any suitable substrate, 
the surviving organisms would be unable to proliferate so that many 
sites on the soil particles would be unoccupied. With the addition 
of 24D, growth will at once begin and continue until all the sites 
are again filled. It v;ould be interesting to carry out experiments
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designed to detect any correlation betv/een length of time elapsing 
betv/een detoxication and a further application of herbicide, and 
amount of grov;th subsequently occurring.
Quastel and Scholefield (41) discovered that it is possible 
for a soil to be enriched to two compounds at the same time. This 
would be expected if one of the ions attacked was an anion and the 
other a cation. They found, however, that a soil could be enriched 
to two anions, nitrite and arsenite, by alternate perfusion with 
sodium nitrite and sodium arsenite. The rate of oxidation of each 
anion was unaffected by enrichment of the soil to the other. They 
concluded, therefore, that the oxidising organisms responsible were 
completely distinct and occupied separate sites on the soil crumbs.
Similarly, the fact that pre-enrichment v/ith nitrifying or 
sulphur-oxidising organisms has no effect on the persistence of 24D 
in a perfused soil indicates that the herbicide-attacking organisms 
occupy different.positions on the soil particles from those held by 
the former types. The inhibition of nitrification by 24D is then 
not due to a competition betv/een the nitrite-oxidising bacteria and 
those attacking the herbicide for positions on the surfaces of the 
soil crumbs where anions are adsorbed. ' The action of 24D in this 
case would appear to be purely bacteriostatic, the nitrifying 
organisms eventually developing resistance and the power to meta­
bolise normally in its presence.
Comparable effects obtained with other phenoxyacetic acids
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indicate that they also are "broken dovm at sites quite separate 
from those occupied by the nitrite-forming bacteria and sulphur- 
oxidisers.
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C Q I T C L U S I Q I T
The vast microbial population of the soil is extremely 
heterogeneous, which makes any problem concerning the activities of 
these organisms a difficult one. One of the main difficulties is 
of duplicating results for no two soil samples will be exactly alike. 
Local percentages of various types of organism vary considerably in 
quite small areas of soil and at various depths. Taking samples
from the same spot and at the same depth each time is the only method 
of ensuring that the experimental material is as uniform as possible.
The study of one particular soil organism in its natural environment 
also presents a problem due to interaction with other microbes and 
possible dependence on one or more of these.
The dilution plate counts carried out in this work gave certain 
positive results but the presence of considerable numbers of bacteria 
not concerned in the detoxication of 24D caused some confusion. A 
more fruitful method of attack was by respiration studies using the 
Warburg apparatus. Whole soil samples and suspensions of an active 
bacterium isolated from an enriched soil were used as experimental 
material. Observations and results of the original experiments 
carried out with 24D can be summarised and put forward as an hypothesis 
concerning the effect of this herbicide on bacterial populations in 
the soil.
When 24D is applied to a non-enriched soil, there ensues a period 
when the concentration of the herbicide remains unaltered, (lag period).
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Eventually, decomposition of 24D takes place at a very rapid rate.
The duration of the lag period depends to some extent on the con­
centration of 24D applied to the soil. 200ml of a 30 ppm solution 
is detoxicated in ten days hy ^Og air-dried soil, while corresponding 
volumes of 100 ppm and 300 ppm solutions are broken down in ten to 
fourteen days. The same volume of a 1,000 ppm solution of the 
herbicide is never completely detoxicated by 50g soil.
As there is such a wide variation in the types of bacteria 
present in the soil, it is only to be expected that any treatment will 
affect the various sections of the population in different ways.
The total number of bacteria present in the perfusate of a soil sample 
after completion of the detoxication of 100 ppm 24D is less than that 
present before treatment. The herbicide does therefore exert a 
bacteriocidal effect on certain soil inhabitants resulting in a partial 
sterilisation of the medium. It has also been shown to inhibit the 
process of nitrification in the soil, a property it holds in common 
with many other organic materials. The nitrifying organisms soon 
adjust to the presence of this herbicide, however, and resume the 
formation of nitrites and nitrates at the original rate. There are, 
in all probability, other groups of less easily distinguishable 
organisms similarly affected by 24D. Certain sections of the 
population are unaffected by the herbicide. Into this category fall 
the bacteria responsible for the oxidation of.thiosulphate.
Although the overall effect of treatment of a soil with 24D is
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one of partial sterilisation, counts taken at intervals during the 
detoxication process reveal an increase in total numbers beginning 
at the sixth to eighth days of treatment. This stimulatory effect 
disappears when detoxication of the 24D occurs (Fig XXIX). There
is a corresponding increase in carbon dioxide output and oxygen intake 
at this time. Calculations based on the evolution of carbon dioxide 
indicate that decomposition of 24D begins at the time when the in­
crease in numbers is observed. The amount of herbicide broken down 
is insufficient to be detected by the cress root assay at this stage.
When 100 ppm 24D is applied to an enriched soil, there is an 
immediate increase in the number of bacteria present in the soil 
perfusate. This is followed by a reduction in numbers when all the 
herbicide has been detoxicated. There is a significant positive 
correlation between the concentration of 24D at any time and bacterial 
numbers in the soil perfusate two days later. Accompanying the 
stimulation of bacterial numbers there is an enhancement of carbon 
dioxide output and oxygen intake. Throughout the period of activity 
the respiratory quotient is approximately one, which is consistent 
with the complete oxidation of the 24D molecule. A similar effect 
is noted with 300 ppm 24D but not with 30 ppm.
Counts taken on soil suspensions plated on nutrient agar show 
only small fluctuations in the total number of bacteria present, 
during the detoxication of 24D. If differential counts are taken 
of soil suspensions plated on 24D agar it is found that a general
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increase in total numbers of bacteria present takes place during this 
time. The organisms stimulated by the herbicide are those forming 
small greyish-white lenticular colonies whem embedded in the agar, 
or circular colonies when on the surface.
These bacteria when isolated are capable of decomposing 24D in 
a liquid medium in the presence of sterile soil crumbs. In a 
synthetic medium in the absence of sterile soil crumbs and in soil 
extract containing 24D no detoxication occurs. Obviously the soil 
must either contain some essential metabolite which is destroyed by 
autoclaving but not by dry heat sterilisation, or it must be acting 
in a purely physical manner in providing a surface at which the 
bacteria carry out their activities. The latter is the more probable 
alternative when it is remembered that Audus obtained detoxication of 
24D by perfusing a suspension of an active organism, B. globiforme, 
through a sterile plug of glass wool. The same suspension was 
inactive if incubated with 24D in a liquid medium.
Assuming that the bacteria concerned in decomposing 24D occupy 
sites on the surfaces of soil particles then it would be expected 
that they should proliferate only as long as there are sites to be 
filled. Once the soil is fully enriched further multiplication of 
organisms would take place only to replace those which have died. 
Although proliferation does occur on adding 2z)B to an enriched soil, 
this is not essential for the breakdown of the herbicide to proceed. 
Sulphanilamide has no effect on the rate of detoxication by an
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enriched soil although it prevents the customatry increase in numbers. 
It is probable that the proliferation which takes place gives rise to 
more bacteria than are needed to replace dead organisms so that the 
excess pass into the fluid of the suspension or the perfusate in the 
case of a perfused soil sample.
Carbon dioxide output and oxygen intake are also stimulated by 
the addition of 24B to a suspension of the active bacteria in the 
presence of sterile soil crumbs, the respiratory quotient during the 
detoxication period again approximating to unity. Carbon dioxide 
is necessary for the growth of the 24D-bacterium and air must 
continually be bubbled through suspensions in order that detoxication 
shall occur.
The organism isolated obviously possesses an enzyme system which
breaks down the herbicide molecules. This system appears to be an
adaptive one induced by the presence of the substrate 24D. During
the lag period in the detoxication process the adaptive enzyme system
is produced, its power or activity depending on the concentration of
24D (new substrate) present. As it takes approximately the same
length of time to detoxicate 200ml of a 100 ppm solution and 200ml
of a 300 ppm solution the activity of the enzyme system induced in
the first case is much less than that in the second. No adaptation 
1000
to iO* ppm 24D takes place, the high concentration presumably being 
bacteriocidal or bacteriostatic. The bacterium retains its activity 
after subculture on nutrient agar in the absence of 24D, but the
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subsequent rate of detoxication is slower, showing that a certain 
amount of de-adaptation occurs.
It is now believed that so-called adaptive enzymes are normally 
present in the cells in minute quantities and that the presence of 
the substrate markedly stimulates their formation or their activation 
from an inactive precursor. Usually adaptations take place rapidly 
in a matter of hours but in some cases substances other than the 
substrate are involved in the formation and activity of the adaptive 
enzyme. In B. coli, for example, the amount of alanine deaminase 
formed in an amino-acid medium in the absence of glucose is about 
twenty times greater than that formed in the presence of the sugar.
The rate of conversion of alamine to pyruvic acid is much less in the 
latter case. The very long lag period which is obtained in the 
detoxication of 24D could be a similar phenomenon where some metabolite 
in the soil is influencing the production of the 24D-decomposing 
enzyme system. The active organism is, however, very slow growing 
even on normal nutrient media so that the whole process of adaptation 
may just be very much drawn out. The formation of the adaptive 
enzyme system appears to take five to six days, this being the period 
when bacterial numbers in the soil show no marked increase.
Under normal conditions in the soil these bacteria must obviously 
be utilising some other substrate, and in all probability are com­
peting with other soil organisms for it. The addition of 24D pro­
vides an alternative substrate for those bacteria which can utilise
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it so that these will proliferate more rapidly than the remainder 
of the population. Whether the 24D acts as a carbon source, a 
source of energy or both, is uncertain. Newman (35) suggests that 
some soil micro-organisms can probably use 24D as a source of energy 
which is borne out by the fact that almost the whole of the carbon 
added to an enriched soil suspension as 24D can be recovered as 
carbon dioxide.
In the case of 10 ^ MCPA and 10 ^ PCPA the lag periods were on 
the average fifteen days and nine days respectively. On account of 
the similarity of the molecules of these herbicides and 2z)D it would 
be expected that bacteria attacking any one of these substituted 
phenoxyacetic acids would be capable of attacking the others. This 
has been shown to be true by Audus by cross perfusion experiments 
with 24D and MCPA, although the rate of detoxication of MCPA by a 
24D-enriched soil is not as great as that effected by a soil enriched 
to MCPA itself.
The first step in the detoxication of these herbicides is the 
splitting of the side chain leading to the formation of the corres­
ponding phenol and acetic acid. The effect of the radicals sub­
stituted in the benzene ring would be expected to have little effect 
on a purely chemical reaction of this type, although when dealing 
with biochemical reactions performed by living organisms a certain 
amount of judgment must be reserved. It is more likely, however, 
that the ease of breakdown of the benzene ring is the factor
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governing the duration of the lag period.
Counts of the total numbers of bacteria in soil treated with 
MCPA show changes similar to, but not as marked as, those obtained 
with 24D. Respiration studies show no clear trends during the lag 
period or on applications of MCPA to an enriched soil. With PCPA 
there is a decline in the total numbers of bacteria present in a soil 
during perfusion, bearing no apparent relationship to the concen­
tration of herbicides present. No comparison in the rate of gaseous 
interchange during the lag period can be drawn between soil treated 
with 10 ^ 24D and 10 ^ PCPA. Only after repeated applications of 
PCPA to an enriched soil is any increase in carbon dioxide output 
noted. It is highly probable that changes comparable with those 
occurring in soil treated with 24D take place in soils treated with 
these other phenoxyacetic acids. Although the fluctuations noted 
in bacterial numbers are not as marked as those with 24D, this may 
well be due to the lack of some essential growth factor in the medium 
which will not, therefore, readily support the growth of the active 
organisms. With 10 ^-maleic hydrazide no detoxication was detected 
over prolonged periods.
The concern of agriculturists when the use of herbicides became 
an increasingly common practice was threefold. Firstly, it was 
feared that the weedkillers might sterilise the soil and thus decrease 
its fertility; secondly, that the active compounds might remain in 
the soil and accumulate with successive applications eventually
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affecting the growth of crop plants; thirdly, that after one 
treatment an active herbicide-decomposing flora would be developed 
v/hich would rapidly detoxicate any further weedkiller applied.
The pre-emergence treatment of weeds would thus be ineffective.
The rate of application of 24D normally used in agriculture is 
3 lb per acre, which is approximately equivalent to 1,5 Ppm. The 
concentration of herbicide which has been used most commonly in the 
laboratory is 100 ppm. The sterilising effect of such a concen­
tration is slight and the active compound is fairly rapidly disposed 
of by soil micro-organisms. Small amounts of 24D such as are 
normally sprayed onto soil would have even less effect than the 
experimental concentration and would be as readily removed. The 
first two possible reasons for withholding from the use of 24D as a 
weedkiller are therefore unfounded. Similarly, MCPA and PCPA can 
be safely used for this purpose. The fact that the bacteria 
attacking the herbicides do not readily de-adapt in their absence 
but rapidly detoxicate further applications of the compounds, reduces 
the effectiveness of subsequent applications. As, however, adaptation 
to one compound does not necessarily entail adaptation to another, 
rotation of weedkillers can be employed to achieve satisfactory 
results in the field.
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Data for graphs included in text and additional experimental
* of herbicide,
data not presented in graphical form.
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.',.4
1 3 5 *
T h r o u g h o u t  t h e  f o l l o w i n g  t a b l e s  i n d i c a t e s  
d e t o x i c a t i o n  a n d  — >  t h e  a d d i t i o n  o f  a  f u r t h e r  
d o s e  o f  h e r b i c i d e .
I3b
I.Data plotted as Pig. IA 2. Data plotted as Fig. 13
Day Log.no/ml.
Control 10“^24D
3 5.74 4.58
6 5.71 4.62
9 5.38 4.45
12 5.40 4.00
17 5.08 4.30
Day Log.no/ml
. Control 16"'^ 24D
2 5.84 5.30
6 5.53 5.40
9 5.79 5.24
13 4.91 4.23
16 5.07 4.18
3.Dataplotted as Fig. IIA & IIB.
Day Cone. 
24D ppm
Log.no/ml.
Control 10 ^24D
0 0 4.76 4.70
1 30 5.26 5.11
2 30 5.66 5.29
3 13 4.85 4.08
5 4 4.26 -
6 0 5.49 -
7 0 4.38 -
8 30 4.95 3.90
9 1 5.27 4.73
10 0 - 5.38 5.30
11 0 3.78 3.30
12 150.; 5.05 4.34
13 i b 5.67 4.08
14 o ' '“5.53 5.49
16 0 4.89 3.78
4# Data plotted as Pig.III.
137
Day Cone. 
24D ppm
Log. no/ ml
Control 10“'^24D
1 100 4.78 3.78
5 100 4.62 4.58
7 100 5.20 5.20
9 40 5.18 5-42
12 0 4.64 4.73
14 0 4.26 4.34
15 3000 5.21 5.49
16 1000 4.86 5.29
as Pig.IV.
Day Cone. Log.no/ml
24D ppm
Control 10"'^ 24D
3 0 4.95 4.62 ,
4 0 5.49 5.08
5 0 . 5.70 5.30
7 100 4.86 4.34
9 0 5.33 5.02
10 0 4.26 6.08
11 0 4.91 4.56
13 100 4.83 4.75
14 20 4.45 4.42
15 0.3 • 4.38 4.38
16 100 4.26 4.15
17 2 3.78 4.00
18 0 4.00 3.30
6. Data plotted as Fig.V
Day Cone. 
24D ppm
Log.
Total
no. bacteria 
/X Y
per ml. 
Z
L 100 5.68 4.60 5.23 5.43
2 100 5.88 4.48 5.08 5.79
3 100 4.90 4.30 ■ 4.30 4.60
4 100 5.34 4.00 4.48 5.26
5 100 5.15 4.30 4.00 5.04
6 100 6.47 -- 5.93 6.32
8 --- 6.29 4.30 5.20 6.25
9 10 6.03 4.48 5.04 5.97
10 0 - -4.60 ---- ---- 4.60
11 100 5.53 4.30 4.70 5.42
13 60 5.43 4.30 4.70 5.30
14 10 5.18 4.30 4.30 5.08
15 0 5.04 ---- 4.78 4.70
16 100 4.48 ---- 4.00 4.30
17 50 4.60 ---- 4.60
18 0 5.49 4.30 4.00 4.00
19 0 4.30 ---- . 4.00 4.00
f
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7. Data plotted as Pig.VI.
Time 
in hours
Log. no. bacteria per ml.
Preperfused Preperfused
with 24D. with water.
0 5.02 5.37
2 5-53 5.32
4.75 6.11 5-24
7.75 5.47 5*27
. : 31 5.09 5.41
55 4.56 5-39
8. Data plotted as Pig. VIIA.
Day
Total
Log.no
Dendroid
.bacteria
Granular
per ml. 
Lenticular Opaque
Start 5-78 5.63 5.02 5-78 — -------
1 6.36 5.13 5.70 6.20 4.48
3 5.79 5.19 5.13 5.59 4.00
4 5.80 • 5.16 5.06 5.54 4.00
5 6.00 5.22 5.22 5.80 4.60
13 5.65 4.95 4.90 5.40 4.30
14. 5-47 4.7 4.78 5.19 3.70
9 * Data plotted as Pig. VIIB
14.0
<r-
Day
Total
Log.
Dendroid
no.bacteria per ml. 
Granular Lenticular
.... -
Opaque
Start 4.97 --- ---_ 4.60 4.70
1 5.50 5.14 — -- 4.80 5.02
3 5.10 4.00 4.39 4.80 .4.60
4 5.20 4.50 4.30 4.50 • 4.80
5 5.70 5-30 --- 4.50 •5.50
7 4.68 3.70 4.47 4.30 •
10 5.81 4.90 4.81 5 • 84 4.39
13 4.93 4.39 3.70 3i 4.47 4.17*
14 5.00 4.34 --- 4.39 4.50
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Data from Experiment 8 (Part l) . Log. total numbers bacteria
ml plotted as Pig . VIII (Upper graph) .
Day Log.)no. bacteria per ml soil suspension,
plated on basal medium
Total A B C D E p _ i
1 7.77 7.06 ".6,93 7.23 7.30 6.00 6.08
i 2 7.62 6.89 6.48
' . 1 i
7:11 7.15 6.08 6.45
1 3 7.80 6.26 6.08 7.39 7.53 6.15 5.78
t 6 7.75 6.89 6.48 7.47 7.12 6.08 5.90 1
7
8
8.08
8.01
7.34
6.98
7.02
6.88
7.88
7.86
6.97
7.03
6.00
6.20
6.15 ! 
6.08
9 7.69 6.60 5.78 'j.7.63 6.08 ---- 5.78
10 8.06 6.88 6.72 7.94 6.90 6.70 6.56 :
13 8.07 7.28 6.79 7.84 7.15 6.60 6.60
14 8.32 7.38 7.15 8.15 6.79 5.30 6.62
15 7.98 7.25 6.91 7.64 6.91 6.42 7.13
16 7.79 7.10 6.51 7.61 5.78 5.30 6.62
17 8.11 7.39 6.90 7.86 6.85 6.34 7.12
20 7.96 7.26 7.05 7.72 6.51 6.08 6.60
21 7.86 6.79 6.60 7.74 6.60 6.00 6.20
22 8.02 7.20 6.93 7.81. 6.62 6.42 6.96
23 7.96 7.36 6.82 7.70 6.30 6.30 6.82
24 8.03 7.38 7.09 7.72 6.62 6.51 7.00
11. Data from Experiment 8 (Part l). Log. total numbers bacteria
per ml plotted as Pig.VUE(Lov/er graph).
Day Log. no.bacteria per 
plated on 10
ml soil suspension 
^24D medium.
Total A B C D B P
1 7:87 7.27 6.86 7.47 ,7.22 6.08 6.15
2 7.88 7.23 6.69 7.48 7.26 6.00 6.58
3 7.86 7.04 6.48 7.52 7.39 5.90 5.78
6 7.84 7.21 6.75 7.59 6.88 5.60 5.60
7 8.08 7.22 6.36 7.92 7.15 6.30 5.78
8 7.83 6.80 6.42 7.70 6.56 6.56 6.20
9 7.85 6.42 6.66 7.73 6.86 6.00 6.08
10 8.00 6.75 6.78 7.93 6.60 6.08 ----
13 8.22 7.61 7.28 7.93 7.02 6.70 6.42
14 8.13 7.23 6.85 8.02 6.30 6.00 6.15
15 8.13 7.61 7.15 7.79 6.56 6.66 6.66
16 7.92 7.39 6.97 7.66 5.605 5.60 6.00
17 8.07 7.61 7.12 ' 7.65 6.08 6.51 7.15
20 8.01 7.17 6.56 7.85 6.78 6.30 6.42
21 8.05 7.20 6.96 7.91 6.42 6.00 6.48
22 '8.19 7.53 7.19 8.01 6.38 6.15 6.15
23 8.08 7.18 7.04 7.95 6.30 ---- 6.08
24 8.04 7.52 7.05 7.80 5.30 6.08 6.42
12. Data plotted as Pig.IXA
4^3
Day
Total
Log.
plated
Lenticular
no.bact.per ml 
- Aon 10 24D medium. 
Granular Dendroid Opaque
1 6.89 6.55 6.13 6.20 5.00
22 7.11 6.82 6.31 6.57 5.49
3 7.14 6.83 6.53 6.53 5.97
5 6.99 6.64 6.30 6.18 6.20
6 7.02 6.64 6.58 6.30 ----
8 7.08 6.77 6.59 6.30 ----
12 7.36 7.10 6.74 6.65 ----
13 7.29 7.07 6.66 6.48 ----
14 7.35 7.22 6.60 6.30 --— —
15 7.48 7.30 6.83 6.50 ----
16 7.30 7.09 6.77 6.16 — — -
p lo t te d  as P ig . IX B .
Day Log. no.bact .per ml
plated on nutrient agar.
Total Lenticular Granul ar Dendroid Opaque
1 6.70 6.20 6.04 6.20 _ _ _ _
2 7.05 6.65 6.28 6.15 5.86
3 6.90 6.55 6.04 6.18 - 6.20
5 7.00 6.63 6.42 6.22 ' 6.10
6 7.03 6.73 6.16 6.20 6.11
8 6.97 6.69 6.38 6.34 5.82
12 7.02 6.64 6.41 6.27 6.00
13 7.01 6.83 5.87 6.42 5.93
14 6.86 6.51 5.88 6.36 5.94
15 6.88 6.50 6.13 6.18 5.82
16 6.87 6.39 6.29 6.31 5.72
14« Data plotted as Pig.X
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Day
I.
Log.no
Control
bacteria per ml 
10~\cPA
. 3 5.66 4.48
6 5.93 3.90
9 5.73 4.08
12 5.51 4.26
17 4.99 3.60
d as PIG .XI.
Day Log. no . bacteria per ml
Control 10“^ICPA
2 5.82 3.48
6 5.61 5.08
13 5.35 4.84
16 5.73 4.20
20 4.88 4.52'
l6.Data plotted as Pig.XII.
Day Log.^ no 
Control
• bacteria per ml.
10“\ c P A
0 6.10 4.00
1 5.52 4.75
2 5.36 4.26
3 5.56 4.30
5 4.15 3.30
6 4.00 ----
7 5.09 3.61
8 5.33 ----
9 4.72 ----
10 4.00 3.78
11 5.66 ----
12 5.395. , . 3.30
13 5.09 3.30
14 5.01 ■ " 3.30
16 5.56. ■ 3.78
19 5.00 4.20
<—
1?. Data plotted as Pig.XIII.
D a y
. L ' ' : - ' j T
L o g .  n u m b e r  b a c t e r i a  p e r  m l .
X Y .  Z T o t a l
1 4 . 3 0 5 . 0 4 5 . 1 5 5 . 4 3
8 4 . 0 0 5 . 4 8 6 . 0 3 6 . 1 3
3 4 . 3 0 4 . 6 0 4 . 7 8 5 . 0 4
4 4 . 0 0 5 . 1 1 5 . 0 8 5 . 4 1
5 4 . 0 0 4 . 3 0 4 . 9 0 5 . 0 4
7 ———— 4 . 9 0 4 . 9 0 5 . 8 3
8 .  ,4" 4 . 4 8 4 . 4 8 5 . 6 7 5 . 7 8
< - 9 4 . 0 0 5 . 0 0 5 . 0 8
1 0 4 . 3 0 4 . 4 8 4 . 6 0 4 . 9 5
1 1 4 . 4 8 ' 5 . 0 4 5 . 4 8 5 . 6 4
1 3 4 . 0 0 4 . 3 0 5 . 0 0 5 . 0 8
1 4 —-- 4 . 3 0 5 . 0 0 5 . 0 8
1 5 --- ———— 4 . 0 0 4 . 0 U
e - 1 6 4 . 3 0 4 . 4 8 4 . 7 0
1 7 ———— 4 . 4 8 4 ' 4 8
1 8 4 . u u 4 . 4 3 4 . 7 0
< - 1 9 4 . u u —— —— 4 . 4 8 4 . 6 0
1^7
1 8 .  D a t a  p l o t t e d  a s  J f i g . X l v .  '  '
D i f f e r e n c e  i n  n w n i b e r s  o f  b a c t e r i a  o n  1 0 * * ^ 2 4 D  • a g a r  
a n d  b a s a l  m e d i u m  c a l c u l a t e d  f r o m  d a t a  o f  P i g . I l l :
D a y G o n e .  2 4 D  
i n  p p m .
D i f f . i n  n o s . b a c t .  
t h o u s a n d s  p e r  m l .
1 1 0 0 - 5 4
5 1 0 0 - 4
7 1 0 0 + 2
9 4 0 +  1 1 4
1 2 0 +  1 0
1 4 0 + 4
1 5 3 0 0 0 +  1 4 6
1 6 1 0 0 0 +  1 8 2
<—
—>
D a t a  p l o t t e d  a s  P i g . X V .
1 9 .  T h r e e  p e r f u s e r s  w e r e  s e t  u p  w i t h  5 0 g m  a i r - d r i e d  s o i l
a n d  3 0 0 m l  p e r f u s i n g f l u i d .  I n  P e r f u s e r  1  t h e  p e r f u s i n g
f l u i d  w a s  1 0 " ^ 3 4 D + 0 . 0 0 5 ^  s u l p h a n i l a m i d e , -  i n  P e r f u s e r  2
1 0 “’ ' ^ 2 4 D + 0 . 0 I 5 5  s u l p h a n i l a m i d e  a n d  i n  P e r f u s e r  3  1 0 " " ^ 2 4 D +
0 . 0 5 ^  s u l p h a n i l a m i d e .  A f t e r  3 4  d a y s  n o  d e t o x i c a t i o n  h a d
o c c u r r e d  i n  a n y  p e r f u s e r .  A l l  t h r e e  w e r e  w a s h e d  o u t  a n d
r e s t a r t e d  w i t h  a  f r e s h  s o l u t i o n  o f  1 0 “ ^ 2 4 D  a l o n e .  T h e
t a b l e  s h o w s  t h e  c h a n g e s  i n  2 4 D  c o n c e n t r a t i o n  i n  e a c h  o f
t h e  p e r f u s e r s  f r o m  t h e  t v / e n t y - f o u r t h  d a y .
P e r f u s e r  1  
D a y  C o n c . 2 4 D  
i n  p p m .
P e r f u s e r  2 
D a y  C o n c . 2 4 D  
i n  p p m .
P e r f u s e r  3  
D a y  C o n c . 2 4 D  
i n  p p m .
24 100 24 100 24 100 .
30 100 30 100 30 100
35 100 35 100 35 100
36 50 37 100 37 100
37 0 3 8 0 40 100
41 100 41 100 41 50
42 100 42 100 48 0
45 0 44 50 —— MMM
—— 45 0
W i t h 0.00555s W i t h 0.0155s W i t h 0.0555s
4 8 100 4 8 100 51 100
50 100 4 9 100 54 100
54 100 51 100 5 5 62 t
5 5 20 5 2 0 5 9 0
5 8 0 57 100 62 • 100
61 100 5 8 100 65 100
62 100 60 100 66 63
64 100 61 100 72 0
65 8 0 62 140 MM
71 0 63 0 MM MMM
2 U .  T h e  e f f e c t  o f  s u l p h a n i l a m i d e  o n  t h e  l a g  p e r i o d . ( P i g . x v i . ;
A  s e r i e s  o f  p e r f u s e r s  w a s  s e t  u p  w i t h  5 0 g m  a i r - d r i e d  
s o i l  a n d  2 0 0 m l  1 0 ~ " ^ 2 4 D .  A t  v a r i o u s  t i m e s  d u r i n g  t h e  l a g  
p e r i o d  s u l p h a n i l a m i d e  w a s  a d d e d  t o  o n e  o f  t h e  s e r i e s  
t o  g i v e  a  f i n a l  c o n c e n t r a t i o n  o f  0 . 0 0 5 ^ .  T h e  t a b l e  s h o w s  
t h e  t i m e  t a k e n  t o - d e t o x i c a t e  a n d  t h e  i n c r e a s e  i n  l e n g t h  
o f  t h e  l a g  p e r i o d .  L a g  p e r i o d  i n  c o n t r o l  w a s  1 2  d a y s .
D a y  s u l p h .  
a d d e d .
N O .  d a y s  
t o  d e t o x .
I n c r e a s e  
i n  l a g .
1 5 2 4 0
2 3 8  . • 2 6
3 3 8 2 6
5 4 7 3 5
6 3 6 2 4
8 3 1 1 9
9 1 3 1
1 0 1 3 1
KO
2 1 .  D a t a  p l o t t e d  a s  F i g . :  
^ ^ ^ t e n k o f e r  A .
D a y  m g C O  / g m  s o i l / h r
. -j
1 0 . 0 0 8 3
2 0 ; . 0 0 8 3
3 0 . 0 0 8 4
4 0 . 0 0 6 6
5 0 . 0 0 6 6
6 0 . 0 0 1 3
7 O . O u 3 o
8 0 . 0 0 7 5
9 0 . 0 0 5 6
1 0 0 . 0 0 5 6
1 1 0 . 0 0 9 2
1 2
4
0  0 1 3 5
/ l 3 0 . 0 0 4 3
1 4 0 . 0 0 4 4
1 5 0 . 0 0 7 9
1 6 0 . 0 0 5 7
1 7 0 . 0 0 5 7
4 0  1 8 0 . 0 0 7 6
2 1 0 . 0 0 2 6
2 2 0 . 0 1 0 3
2 3 0 . 0 1 0 2
2 4 0 . 0 1 0 1
2 5 0 . 0 0 7 6
P e t t e n k o f e r  B .
<-
4-
D a y m g C O  / g m  s o i l / h r  
2
1 0 . 0 0 8 7
2 0 . 0 0 8 4
3 0 . 0 1 0 4
4 0 . 0 0 9 2
5 0 . 0 0 7 3
6 0 . 0 0 6 3
7 0 . 0 0 5 6
8 0 . 0 1 0 0
9 0 . 0 1 3 5
1 0 0 . 0 0 6 1
1 4 0 . 0 0 5 4
1 5 0 . 0 0 6 6
1 6 0 . 0 1 7 3
1 7 0 . 0 0 9 9
1 8 0 . 0 0 7 3
15\
23* Data plotted as Pig.XVIIIA. & 3
Day 3x10'-5 3x10“^ 10~^
ul.Og/hf ul.COg/hr ul.Og/hr ul.COg/hr ul.Og/hï ul.CO^hr
1 3.49 2.26 5.87 7.99 6.29 5.93
2 5.67 4.46 3.68 1.58 ---- ----
3 3.64 2.98 3.19 3.06 3.04 2.71
4 5.46 4.95 3.49 2.02 3.90 3.26
7 2.91 2.58 2.94 2.56 3.47 6.31
8 4.37 3.17 2.21 2.20 , 1.04 1.28
9 5.02 4.97 5,00 4.57 2.08 2.56
11 5.84 2.16 27.07 / — 23.36 2.43 1.55
14 ™>8 • 50 7.45 6.25 6.19 4.99 5.36
15 7.01 5.61 8.09 5.43 . 7.51 3.79
16 7.61 6.15 8.09 ■ 4.11 7.11 4.23
17 4-7.29 2.50 9.38 5.62 7.81 2.69
24* Data plotted as Fig.XVIIIC,
ISZ
Day
ul.O^/hî
10 2^4i)
ul'COg/br
1 3.24 1.64
3 3.64 2.36
6 3.24 2.58
7 4.86 3.24
8 4.25 3.95
9 5.19 4.84
10 7.54 4.48
13 ^ 12.47 7.26
14 — ^ 4 • 96 1.38
15 9.58 4.26
16 ^ 1 9 . 9 1 16.21
17 11.99 11.11
20 5.54 3.95
IS3
25. Data plotted as Pig.XIX. 26. Data plotted as Pig.XX.
Day ICT^MCPA Day 10-4PCPA
^1 ul.CO^/ttr’. ul'COg/br
1 2.68 1.87 1 '2.79 2.75
2 2.15 2.34 2f' 2.39 2.93
3 ' 2.17 3.17 3 2.21 2.32
6 3.82 4.28 6 4.41 4.97
7 7.13 3.76 7 8.24 7.36
8 4.60 6.16 8 5.34 3.05
9 3.03 3.63 9 7.13 6.20
10 5.42 3.51 10 7.17 4.02
13 2.46 3.03 13 4.41 3.92
14 4.42 4.31 14 5.52 6.25
15 5.64 4.16 15 5.08 - 5.89
16 6.29 5.41 16 5.45 0.64
17 4.25 3.07 17 8.02 6.18
20 2.09 2.49 20 5.21 4.13
21 1.60 2.64 21 5.77 2.75
22 1.91 2.14 . 22 10.44 4.57
23 1.74 2.53 23 11.77 8.32
24 2.43 2.37 4- 24 11.04 6.63
27 2.67 2.34 27 -6.I9 4.66
28 2.17 1.31 28 13.49 5.62
29 4.77 3.10 <- 29 13.90 8.46
31 3.79 1.99 31 8.94 5.21
1^4-
27. Data plotted as Fig.XXlII.
Day
ul.O^/hr
10 ‘^24D
ul.COg/hr
1 2.43 2.34
2 13.56 8.64
6 12.54 9.41
7 6.48 4.18
10 4.21 2.16
— » 13 3.24 3.23
14 8.90 5.43
<r- 15 13.76 11.91
16 11.73 6.39
17 2.02 . 4.26
Data plotted as Pig.XXIIIB.
' . r
Day Log.no .bact./ml
plated
-4
on 10 24D agar •
— > 13 2.92
14- 3.58
<- 15 3.55
16 3.04
17 2.96 .
29* Data plotted as Pig.XXIV
l^S
Day Cone. 24D 
in ppm ul.O^/h:c ul.COg/hr
1 42.0 5.70 3.37
2 0 15.81 11.82
3 41.0 23.17 24.55
4 2.3 4.23 2.47
5 0 2.57 1.57
8 — 2.06 .1.64
tted as Pig.XXV.*
Time in
-^hour periods ul.Og/hr ul.CO^/hr
I 2.19 1.87
2 2.91 1.87
3 2.19 2.81
Tip.
4 2.91 0.93
5 2.19 3.75
6 2.19 — —  — —
7 7.29 7.39
/5G
31. Data plotted as Pig.XXVI.(Lower histograms.)
Applications of 
ammonium chloride
No. days taken to completely 
remove all ammonium ions. 
With no herbicides present.
24D MCPA PCPA —Amm. sulphamate
1 13 12 13 12
2 __ 5 5 4 -5
3 5 4 4 4
- - With 10 ^herbicides present.
24D MCPA PCPA Aram, sulphamate
4 14
9
27 5 5
6
y
5 -- —  —
32. Data plotted as Pig.XXVI. (Upper histograms.)
Applications of 
ammonium chloride
No. days taken to"completely 
remove all ammonium ions. 
With no herbicide present.
MGPA PCPA
1 11 12 ,
2 4 5
3 4 . 4
With 10 ^herbicides present.
MCPA PCPA
4 24 . 15
5 — — 14
6 — — 15
tsi
33. Data plotted as Pig.XXVII.
T h e  c o n c e n t r a t i o n  o f  a m m o n i u m  i o n s  i s  g i v e n  i n  
a r h i t a r y  u h i t s  w h i c h  a r e  a l l o t t e d  a c c o r d i n g  t o  
t h e  c o l o u r  g i v e n  w i t h  N e & s l e r ^ s  r e a g e n t .  ( S e e  t e x t ) .
D a y C o n e ,  a m m o n i u m  
i o n s  i n  a r h .  u n i t s .
A m m o n i u m c h l o r i d e 1 3
a d d e ô  o n f i r s t  d a y 1 0 3
1 2 2
1 4 0
A m m o n i u m c h l o r i d e 1 4 3
a d d e d  o n 1 4 t h  d a y 1 5 3
1 6 3
1 9  . 2
2 0 0
A m m o n i u m c h l o r i d e  : 2 0  . 3
a d d e d  o n 2 0 t h  d a y 2 1 3
2 2 2
2 5 __0... .
Kg
33.-continued. Data plotted as Pig.XXVII.
D a y G o n e . a m m o n i u m  i o n s  
i n  a r h i t a r y  u n i t s .
A m m o n i i r a  c h l o r i d e 2 6 3
+ 1 0 “ ' ^ 2 4 D  a d d e d  o n 3 4 3
2 6 t h  d a y . 3 5 2
2 4 D  d e t o x i c a t e d 3 6 2
o n  3 8 t h  d a y . 3 7 2
3 8 0
A m m o n i u m  c h l o r i d e 4 2 3
+ 1 0 " ‘^ 2 4 D  a d d e d  o n 4 5 3
4 2 n d  d a y . 4 7 3
2 4 D  d e t o x i c a t e d  o n 4 8 2
4 6 t h  d a y 4 9 1
5 0 0
A m m o n i u m  c h l o r i d e 5 1 3
+  1 0 ' ^ 2 4 D  a d d e d  o n 5 2 3
5 1 s t  d a y . 5 3 3
2 4 D  d e t a x i c a t e d  o n 5 4 3
5 2 n d  d a y . 5 5 2
5 6 0
IS^
34. Data plotted as Pig.XXVIIIA.
D a y M i s  o f  0 . 0 0 3 N  s o d i u m  
t h i o s u l p h a t e  e q u i v a l e n t  
t o  1  m l  o f  p e r f u s a t e . ____
2 1 . 5 2
2 1 . 4 5
2 1 . 1 5
2 0 . 2 3
2 0 . 2 3
2 0 . 0 3
1 9 . 1 5
1 7 . 1 1
12 0 . 7 5
1 9 . 3 8
1 3 1 2 . 8 3
1 4 5 . 3 3
1 5
1 9 . 4 5  + 1 0  ^ 2 4 D
• 1 5 . 2 5 1 6 . 2 9
1 6 . 2 5 6 . 7 6
1 . 5 5
35. Data plotted as Pig,XXVIIIB
160
D a y M i s  0 . 0 0 3 N  s o d i u m  t h i o s u l p h a t e  
t o  1  m l  u e r f u s a t e .
e q u i v a l e n t
M C P A P C P A M a l e i c
h y d r a z i d e
A m m o n i u m
s u l p h a m a t e
1 2 0 . 6 0 2 1 . 2 3 . 2 1 . 2 4 2 1 . 4 3
4 1 9 . 0 6 2 0 . 1 1 1 9 . 3 1 1 9 . 0 1
5 1 8 . 1 3 1 9 . 5 3 1 8 . 3 8 1 8 . 0 0
8 1 5 . 5 5 1 7 . 0 5 1 6 . 0 5 1 5 . 2 3
1 1 0 . 1 8 8 . 6 0 — — — — (  0 . 1 5  
( 1 7 . 0 5
1 2 1 7 . 4 5 0 . 1 8 6 . 6 0 0 . 3 0
1 3 0 . 0 5 1 7 . 5 0 (  0
( 1 8 . 7 0
1 9 . 2 6
1 4 1 7 . 4 0 3 . 3 5 3 . 3 0 0 . 3 1
1 5 1 . 6 1 (  0 . 4 5
(  '  > 
( 1 7 . 7 5
0 . 3 1 > ■ >  2 1 . 9 7
1 6 2 3 . 0 7 5 . 2 3 2 2 . 6 5 1 . 1 1
1 7 0 " 1 7 2 . 6 1 1 . 1 1 (  0 . 3 8  
( 1 5 . 9 5 + H
1 8 ' 1 6 . 8 5 + H (  0 . 3 8  
( 1 6 . 3 8 + H
(  0 . 3 8  
( 1 6 . 5 4 + H
0 . 6 8
1 9 0 . 5 8 0 . 5 0 0 . 8 8 -----
Ibl
3 6 .  C h a n g e s  i n  b a c t e r i a l  n u m b e r s  i n  s o i l  p e r f u s e d  w i t h  
1 0 " ^ 2 4 D .  5 0 g m  a i r - d r i e d  s o i l  w e r e  p e r f u s e d  w i t h  
2 0 0 m l  1 0  ^ 2 4 D .  S a m p l e s  o f  s o i l  f r o m  t h e  t o p  a n d  
b o t t o m  o f  t h e  p e r f u s e r  t u b e , w e r e  r e m o v e d  a n d d i l u t e d '  
1 : 1 0 0  W / V  w i t h  s t e r i l e  v / a t e r .  T h i s  s u s p e n s i o n  w a s  
a g a i n  d i l u t e d  1 : 1 0 0  a n d  0 . 1 m l  p l a t e d  o n  1 0 " ^ 2 4 D  a g a r  
a n d  b a s a l  m e d i u m .
D a y T o p  s o i l  
L o g . n o . p e r  m l .  
B a s a l  ' 2 4 D  
a g a r  ~ a g a r
B o t t o m  s o i l  
L o g . n o . p e r  m l .  
B a s a l  2 4 D  
a g a r  a g a r
3 7 . 8 2 '
. . . I  •
7 . 3 7 7 . 8 2 7 . 3 8
6 8 . 0 5 7 . 0 5 7 . 3 8 6 . 7 9 .
9 7 . 7 2 7 . 0 8 7 . 2 9 6 . 9 8
1 2 7 . 4 9 7 . 2 3 _ 7 . 1 9 6 . 7 6  ^
1 7 7 . 1 8 6 . 4 o 7 . 2 8 6 . 7 6
3 6  b u t  
L i u m .
s a m p l e s p l a t e d  o n 1 0 " ' ^ 8 4 D a g a r  a n d  b a s s
D a y
L o g .
B a s a l
a g a r
T o p  s o i l  
n o . p e r  m l .  
24D
a g a r  d
B o t t o m  s o i  1  
L o g . n p . p e r  m l .  
B a s a l  2 4 D  
a g a r  a g a r
2 7 . 1 9 6 . 5 9 7 . 4 1 6 . 5 4  ' ••
6 7 . 4 2 7 . 1 8 r r 7 . 3 9 7 . 1 8
1 3 7 . 1 7 7 . 0 0 7 . 2 3 6 . 6 1
1 6 7 . 2 5 6 . 5 6 7o32 6 . 8 8
2 0 6 . 4 0 6 . 2 3 7 . 1 4 6 . 5 8
\k>X
3 8 .  C h a n g e s  i n  b a c t e r i a l  n u m b e r s  i n  s o i l  p e r f u s e d  w i t h  
M C P A .  5 0 g m  a i r - d r i e d  s o i l  w e r e  p e r f u s e d  w i t h  2 0 0 m l  
1 0  ^ M C P A .  S a m p l e s  o f  s o i l  f r o m  t h e  t o p  a n d  b o t t o m  
o f  t h e  p e r f u s e r  t u b e  w e r e  r e m o v e d  a n d  d i l u t e d  1 : 1 0 0  
W / V  w i t h  s t e r i l e  w a t e r .  T h i s  s u s p e n s i o n  w a s  a g a i n  
d i l u t e d  1 : 1 0 0  a n d O i l m l  p l a t e d  o n l O ' ^ M C P A  a g a r  a n d  
b a s a l  m e d i u m .
D a y T o p
L o g . n o
B a s a l
a g a r
s o i l  
. p e r  m l .  
M C P A  
a g a r
B o t t o m  s o i l  
L o g . n o . p e r  m l .  
B a s a l  M C P A  
a g a r  a g a r
3 8 . 1 1 7 . 4 5 7 . 1 4  , 6 . 5 6
6 7 . 5 6 6 . 3 6 7 . 6 6 6 . 8 9
9 7 . 4 6 6 . 3 0 7 . 5 9 6 . 9 0
1 2 7 . 8 2 6 . 9 4 7 . 8 9 7 . 0 6
1 7 7 . 5 5 6 . 5 9 7 . 2 8 6 . 1 5
3 8  b u t s a m p l e s p l a t e d  o n A 8 A S .
D a y T o p
L o g . n o
B a s a l
a g a r
s o i l  
. p e r  m l .  
M C P A  
a g a r
B o t t o m  s o i l  
L o g . n o . p e r  m l  
B a s a l  M C P A  
a g a r  a g a r
2 6 . 8 1 5 . 7 8 7 * 0 4 5 . 7 8
6 7 . 4 7 6 . 9 8 7 . 3 5 7 . 0 0
1
L 3
1 6
7 . 3 7
7 . 6 7
7 . 0 7
7 . 2 1
6 , 8 3
7 . 5 3
6 , 2 0
7 . 0 3
2 0 7 . 3 9 6 . 8 7 6 . 9 1 7 . 4 2
4 0 .  C h a n g e s  i n  b a c t e r i a l  n u m b e r s  i n  s o i l  p e r f u s e d  w i t h  
M C P A ; . '  6 0 g m  a i r - d r i e d  s o i l  p e r f u s e d  w i t h  2 0 0 m l  1 0 " ' ^ ^ M C P A ,  
P e r f u s a t e  s a m p l e s  w e r e  d i l u t e d  1 : 1 0 0  a n d  0 . 0 5 m l  p l a t e d  
o n  1 0 ^ ^ M C P A  a g a r  a n d  b a s a l  m e d i u m .  P y r i d i n e - e x t r a c t e d  
a g a r  u s e d  f o r  p r e p a r i n g  m e d i a .
Its
D a y L o g . n o .  
B a s a l  a g a r
b a c t . p e r  m l .  
M C P A  a g a r
1 4 . 5 6 4 . 4 5
5 4 . 5 8 4 . 7 5
7  • 5 . 2 2 5 . 2 3
9 4 . 4 5 3 . 9 0
1 2 4 . 1 5 ————
1 4 4 . 3 4 ————
1 5 4 . 2 6 2 . 3 0
1 6 4 . 4 1
4 1 .  C h a n g e s  i n  b a c t e r i a l  n u m b e r s  i n  s o i l  p e r f u s e d  w i t h  
w a t e r .  5 0 g m  a i r - d r i e d  s o i l  w e r e  p e r f u s e d  w i t h  2 0 0 m l  s t e r i l e  
w a t e r .  P e r f u s a t e  s a m p l e s  w e r e  d i l u t e d  1 : 1 0 0  a n d  0 . 0 5 m l  
p l a t e d  o n  1 0  ^ 2 4 D  a g a r ,  1 0  ^ M C P A  a g a r  a n d  b a s a l  m e d i u m .
D a y L o g . n o .  
B a s a l  a g a r
b a c t . p e r  m l  
2 4 D  a g a r
#
M C P A  a g a r
1 4 . 9 3 4 . 3 8 4 . 3 0
5 3 . 7 8 4 . 2 6 4 . 2 0
7 ———— 4 . 9 1 4 . 8 2
9 4 . 3 4 3 . 7 8 . 4 . 1 5
1 2 4 . 6 4 3 . 9 0 — —
1 4 4 . 0 8 3 . 7 8 ————
1 5 4 . 5 6 4 . 5 6 4 . 0 8
1 6 4 . 3 8 3 . 9 0 4 . 6 6
I H
4 2 .  5 0 g m  a i r - d r i e d  s o i l  w e r e  p e r f u s e d  v / i t h  2 0 0 m l ,  
1 0 ^ ' ^ 2 4 D .  D i l u t e d  p e r f u s a t e  s a m p l e s  w e r e  p l a t e d  o n  
b a s a l  s i l i c a  g e l i  m e d i u m  w i t h  o r  w i t h o u t  1 0 " ' ^ 2 4 D .  ,
P l a t e s  m a d e  d u r i n g  t h e  f i r s t  n i n e  d a y s  w e r e  i n c u b a t e d  
n o r m a l l y ,  t h o s e  p r e p a r e d  a f t e r  t h i s  t i m e  w e r e  
i n c u b a t e d  i n  a n  a t m o s p h e r e  d e v o i d  o f  c a r b o n  d i o x i d e .
D a y L o g . n o . b a c t  
B a s a l  s i l i c a  
g e l  m e d i u m .
. p e r  m l .  
S i l i c a  g e l  
+ 1 0 ' ^ S 4 D .
3 4 . 5 1 , 4 . 5 1
4 6 . 1 8 6 . 1 6
5 5 . 6 0 5 . 8 5
7 5 . 1 9 5 . 2 0
8 6 . 4 0 4 . 3 8
4 - 9 ,  '  5 . 4 1 4 . 4 2
1 1 4 . 5 6 4 . 2 6
— 7^ 1 3  ■ 4 . 8 1  . 4 , 6 0
1 4 5 . 3 1 5 . 0 6
1 5 4 . 4 5 4 . 3 8
1 6 4 . 3 8 4 . 4 8
1 7 4 . 3 4 4 . 0 8  ;
1 8  0 3 . 7 8 4 . 0 0
Its
4 5 .  C o u n t s  o f  s o i l  s u s p e n s i o n s  p r e p a r e d  f r o m  s o i l  i n  
s m a l l  p e r f u s e r s  d u r i n g  t h e  f i r s t  s t a g e s  o f  p e r f u s i o n .  
S o i l  p e r f u s e d  w i t h  w a t e r  o r  1 0 ' ^ 2 4 D  a n d  p l a t e s  m a d e  
o n  1 0 “ "’ ’ 2 4 D  a g a r .
T i m e  
i n  h o u r s
2 4 D  p e r f u s e d  
L o g . n o . p e r  m l
W a t e r  p e r f u s e d  
I p g . n o . p e r  m l .
0 6 . 6 2 6 . 6 2
1 7 . 0 0 6 . 4 0
3 . 5 6 . 9 5 6 . 1 8
3 0 7 . 0 8 6 . 7 0
4 4 .  C o u n t s  o n  p e r f u s a t e s  o f  5 0 g m  l o t s  o f  e n r i c h e d  
s o i l s  d u r i n g  t h e  f i r s t  f e w " h o u r s  f o l l o w i n g  t h e  
a p p l i c a t i o n  o f  2 4 D .  D i l u t e d  p e r f u s a t e  s a m p l e s  
p l a t e d  o n  1 0 ' " ^ 2 4 D  a g a r .
T i m e  
i n  h o u r s
S o i l l o t  1  
L o g . n o / m l .
S o i l  l o t  2  
L o g . n o / m l .
0 5 . 1 1 5 . 0 1
1 . 7 5 5 . 1 5 5 . 1 9
5 . 0 0 5 . 9 3 5 . 5 7
6 . 7 5 5 . 8 3 4 . 9 1
1 6 . 5 0 5 . 8 1 4 . 6 0
liofo
4 5 .  E f f e c t  o f  1 0 " ’ ' ^ 2 4 D  o n  t h e  g r o w t h  o f  f o u r  u n i d e n t i f i e d  
s o i l  b a c t e r i a  o r i g i n a l l y  i s o l a t e d  o n  n u t r i e n t  a g a r .
1  m l  s a m p l e s  o f  b r o t h  c u l t u r e s  o f  t h e  b a c t e r i a  w e r e  
i n o c u l a t e d  i n t o  m i n e r a l  n u t r i e n t  m e d i u m  c o n t a i n i n g  0 . 0 1 ^  
g l u c o s e .  A  t u b e  o f  u n i n o c u l a t e d  m e d i u m  w a s  u s e d  a s  a  c o n t r o l  
a n d  w i t h  t h i s  a n d  w a v e l e n g t h  5 8 3  t h e  s p e c t r o p h o t o m e t e r  
r e a d i n g  w a s  s e t  a t  1 0 0 .  A t  i n t e r v a l s  t h e  p e r c e n t a g e  l i g h t  
t r a n s m i t t e d  w a s  d e t e r m i n e d  f o r  e a c h  i n o c u l a t e d  t u b e .
A  s i m i l a r  s e r i e s  w a s  s e t  u p  u s i n g  m i n e r a l  n u t r i e n t  m e d i u m  
c o n t a i n i n g  0 . 0 1 ?d g l u c o s e  a n d  0 . 0 1 / 5  2 4 D .  T h e  s a m e  v o l u m e  
o f  b r o t h  i n o c u l u m  w a s  u s e d  i n  e a c h  c a s e .  C o m p a r i s o n  o f  
s p e c t r o p h o t o m e t e r  r e a d i n g s  i n  t h e  p r e s e n c e  a n d  a b s e n c e  o f  
t h i s  c o m p o u n d  g i v e s  s o m e  i n d i c a t i o n  o f  t h e  e f f e c t  o f  t h e  
h e r b i c i d e  o n  t h e  g r o w t h  o f  t h e  s o i l  i s o l a t e s #
O . O l ÿ G  G l u c o s e + m i n e r a l  s a l t s .
T i m e  i n  
h o u r s 0 1 8 2 6  4 2 6 6 9 7  1 3 9
I s o l a t e
1 9 8 9 5 . 5 : 9 7  9 8 9 8 9 8 . 5  9 8 . 5
2 9 9 9 7 9 9  9 8 9 7 . 5 9 8  9 7 . 5
3 9 1 . 5 7 4 . 5 7 4  7 3 . 5 7 2 7 1 . 5  7 2 . 5
4 9 4 8 6 . 5 8 5  8 4 . 5 8 2 . 5 8 3  8 5 . 5
0 . 0 1 ? c  G l u c o s e + 0 . 0 1 5 o 2 4 D + m i n e r a l  s a l t s .
1 1 0 0 9 8 9 9  9 9 9 8 . 5 9 8 . 5  9 9 . 5
2 9 8 9 7 9 9 . 5  9 8 9 6 . 5 9 7 . 5  9 9 . 5
3 8 9 . 5 7 4 . 5 7 5  7 4 7 2 7 2 . 5  7 2 . 5
4 9 4 9 1 9 1 . 5  9 0 8 7 . 5 8 6  8 6
4 6 .  E f f e c t  o f  6 x 1 0  " * ' 2 4 D  o n  t h e  g r o w t h  o f  f o u r  
u n i d e n t i f i e d  s o i l  i s o l a t e s  o r i g i n a l l y  i s o l a t e d  o n  
n u t r i e n t  a g a r .  M e t h o d  a s  g i v e n  i n  4 5  u s i n g  5 x l 0 “ "*’ 2 4 D  
a n d  0 . 0 5 ^  g l u c o s e  i n  p l a c e  o f  0 . 0 1 ^ .
IW
0 . 0 5 ^  G l u c o s e + m i n e r a l s a l t s .
T i m e  i n  
h o u r s 0 3 2 9 4 6 5 3 7 3
I s o l a t e
1 9 9 9 9 . 9 9 9 8 9 8 9 8 . 5
2 1 0 0 9 9 9 9 9 8 9 8 . 5 9 8 . 5
3 9 6 9 7 9 4 9 5 . 5 9 7 9 5 . 5
4 9 9 . 5 1 0 0 9 8 9 8 9 7 . 5 9 8 . 5
0 . 0 5 ^ 2 g l u c o s e , 0 . 0 5 / ; 2 4 D + m i n e r a l  s a l t s  •
1 9 7 . 5 9 6 . 5 9 5 9 5 9 5 . 5 9 5 . 5
2 9 8 . 5 9 8 . 5 9 7 9 8 9 6 . 5 9 6 . 5
3 9 8 9 8 . 5 9 6 . 5 9 6 9 5 9 5
4 9 9 9 7 9 6 . 5 9 7 . 5 9 6 9 6 . 5
IhS
4 7 .  E f f e c t  o f  1 0  ^24lJ on  t h e  g r o v / t h  o f  , s o i l  i s o l a t e s .  
1 0 m l  l o t s  o f  n u t r i e n t  " b r o t h + l O " ^ 2 4 D  w e r e  i n o c u l a t e d  
w i t h  e q u a l  a m o u n t s  o f  b r o t h  c u l t u r e s  o f  s e v e n  
u n i d e n t i f i e d  s o i l  b a c t e r i a .  A f t e r  t e n  d a y s  i n c u b a t i o n  
a t  2 5 ° C  t h e  a m o u n t  o f  g r o w t h  p r o d u c e d  b y  t h e s e  o r g a n i s m s  
i n  e a c h  m e d i u m  w a s  c o m p a r e d .  A n  E . E . L .  c o l o r i m e t e r  
w a s  s e t  a t  z e r o  w i t h  a  c o n t r o l  t u b e  o f  u n i n o c u l a t e d  
b r o t h  a n d  t h e  p e r c e n t a g e  s t o p p a g e  o f  l i g h t  d u e  t o  t h e  
t u r b i d i t y  o f  t h e  i n o c u l a t e d  m e d i a  w a s  d e t e r m i n e d .
P e r c e n t a g e s t o p p a g e  o f  l i g h t .
I s o l a t e • N u t r i e n t  
b r o t h
N u t r i e n t
b r o t h + 1 0 ^ 2 4 D
1 2 . 2 4 . 3
3 0 0 . 5
4 0 . 3 0 . 7
! 5 2 . 6 2 . 6
6 0 1 . 8
7 4 . 0 3 . 8
3 7 7 . 7 5 8 . 9
4 8 .  E f f e c t  o f  s u l p h a n i l a m i d e  o n  t h e  l a g  p e r i o d .
A  s e r i e s  o f  p e r f u s e r s  w a s  s e t  u p  e a c h  w i t h  5 0 g i n  
a i r - d r i e d  s o i l  a n d  2 0 0 m l  1 0 ” ^ 2 4 D  s o l u t i o n  c o n t a i n i n g  
0 . 0 5 J S  s u l p h a n i l a m i d e .  T h e  p e r f u s e r s  w e r e _ _ w a s h e d  o u t  
a n d  r e s t a r t e d  w i t h  a  f r e s h  s o l u t i o n  o f  1 0  " ^ 2 4 D  m i n u s  
t h e  s u l p h a n i l a m i d e  a f t e r  p e r i o d s  o f  2 - 1 0  d a y s .  T h e  
t a b l e  s h o w s  t h e  n u m b e r  o f  d a y s  t a k e n  t o  d e t o x i c a t e  
a n d  t h e  i n c r e a s e  i n  t h e  l a g  p e r i o d  i n  e a c h  c a s e .
D a y  s u l p h a n i l a m i d e  D a y s  t o  b a y s  i n c r e a s e  
__________ r e m o v e d . ____________ d e t o x i c a t e  i n  l a g .
2 2 6 1 2
3 2 6 1 1
4 2 6 1 2
5 2 9 1 5
8 3 0 1 6
9 2 9 1 5
1 0 2 7 1 3
70
4 9 .  E f f e c t  o f  p e r f u s i o n  i n  n i t r o g e n  o n  t h e  b r e a k d o w n  
o f  2 4 D .
A  s e r i e s  o f  p e r f u s e r s  w a s  s e t  u p  e a c h  w i t h  5 0 g m a i r -  
d r i e d  s o i l  . a n d  2 0 0 m l  1 0  2 4 D  s o l u t i o n .  T h e  p e r f u s i o n s
w e r e  c a r r i e d  o u t  i n  a n  a t m o s p h e r e  o f  n i t r o g e n  f o r  
v a r i o u s  l e n g t h s  o f  t i m e  d u r i n g  t h e  l a g  p e r i o d ,  b y  
a t t a c h i n g  a  c y l i n d e r  o f  n i t r o g e n  t o  t h e  i n t a k e  a r m  
o f  t h e  p e r f u s e r s . T h e  t a b l e  s h o w s  t h e  n u m b e r  o f  d a y s  
t a k e n  t o  d e t o x i c a t e  a n d  t h e  i n c r e a s e  i n  t h e  l a g  p e r i o d  
i n  e a c h  c a s e .
D a y s  i n  
n i t r o g e n
D a y s  t o  * 
d e t o x i c a t e
I n c r e a s e  
i n  l a g . _____
1 1 1 - 1 3  • +  1 - 3
2 1 1 - 1 2 +  1 - 2
3 1 1 +  1
4 7 - 3
5 1 8 + 8
7 > 1 7 > + 7
1 0 1 5 +  5
ni
5 0 .  C a r b o n  d i o x i d e  o u t p u t  f r o m  a  s u s p e n s i o n  o f  b a c t e r i u m  
S y . C a r b o n  d i o x i d e  f r e e  a i r  v / a s  b u b b l e d  t h r o u g h  a  
s u s p e n s i o n  o f  b a c t e r i u m  S y  i n  1 0 2 4 D  s o l u t i o n  i n  t h e  p  
p r e s e n c e  o f  s t e r i l e  s o i l  c r u m b s ,  i n  a  s t o p p e r e d  f l a s k .  
T h e  o u t l e t  f r o m  t h e  f l a s k  c o n n e c t e d  w i t h  a  P e t t e n k o f e r  
t u b e  c o n t a i n i n g  d i l u t e  b a r y t a .  T h e  b a r y t a  w a s  t i t r a t e d  
w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  t o  d e t e r m i n e  t h e  a m o u n t  
o f  c a r b o n  d i o x i d e  e v o l v e d  p e r  d a y .  T h e  t a b l e  s h o v / s  
c h a n g e s  i n  r a t e s  o f  c a r b o n  d i o x i d e  e v o l u t i o n  d u r i n g  
t h e  4 8 h o u r s  f o l l o w i n g  t h e  a d d i t i o n  o f  8 4 D  t o  t h e  
s u s p e n s i o n .
T i m e  i n  
h o u r s
P a t e  o f  C O g  
e v o l u t i o n  r a g / h r .
M g m  C O g  
e v o l v e d .
5 . 7 5 0 . 2 2 8 1 . 3 1 5
2 1 . 1 6 0 . 0 6 9 1 . 4 7 7
2 4 . 0 0 . 1 0 2 2 . 4 4 7
4 8 . 0 0 . 2 3 0 1 1 . 0 7
i l À
5 1 .  C h a n g e s  i n  r a t e s  o f  c a r b o n  d i o x i d e  e v o l u t i o n  
a n d  o x y g e n  i n t a k e  o f  s u s p e n s i o n s  o f  s o i l  i s o l a t e s  
i n  t h e  p r e s e n c e  o f  1 0  ^ 2 4 D  a n d  s t e r i l e  s o i l c r u m b s .
T w o  l o t s  o f  s t e r i l e  s o i l  c r u m b s  ( 5 0 g m )  w e r e  s u s p e n d e d  
i n  2 0 0 m l  1 0  ^ 2 4 D  a n d  i n o c u l a t e d  v / i t h  t w o  s o i l  b a c t e r i a  
o r i g i n a l l y  i s o l a t e d ' o n  n u t r i e n t  a g a r  f r o m  t h e  p e r f u s a t e  
o f  a n  e n r i c h r d  s o i l .
D a y  S u s p e n s i o n  B  S u s p e n s i f  n  C
p l O g / h r  p l C O g / h r  | i l 0 2 / h r  p l C O p / h r
1 5 . 1 5 5 . 5 1 6 . 2 9 9 . 2 6
2 8 . 6 4 8 . 3 8 9 . 7 7 1 0 . 4 5
6 8 . 4 6 3 . 5 3 4 . 7 7 5 . 8 6
7 5 . 8 8 2 . 1 9 4 . 5 5 0 . 4 8
1 0 4 . 9 6 5 . 9 8 : 5 . 8 5 3 . 8 7
1 3 2 . 0 0 0 . 8 7 5 . 4 2 0 . 5 2
1 4 5 . 1 5 1 . 5 1 5 . 6 4 3 . 8 6
1 5 ,  . 6 . 6 2 4 . 7 6 6 . 9 2 5 . 1 4
1 6 5 . 3 3 1 . 7 3 3 . 4 7 0 . 4 3
1 7 3 . 1 3 0 . 8 0 5 . 6 4 0 . 4 9
H3
5 2 . C h a n g e s  i n r a t e s  o f  c a r b o n  d i o x i d e  e v o l u t i o n  a n d  
o x y g e n  i n t a k e  b y  b a c t e r i u m  S y ( o r i g i n a l l y  i s o l a t e d  
o n  2 4 D  a g a r ) o n  t h e  a d d i t i o n  o f  t w o  d o s e s  o f  1 0  ^ 2 4 D .
D a y p i  O g / h r p i  C O g / h r
— > 1 1 . 2 9 1 . 1 4
— > 2 6 . 9 1 7 . 1 5
3 4 . 4 1 5 . 1 5
4 8 . 4 6 2 . 3 5
5 8 . 6 4 5 . 8 8
8 5 . 1 5 2 . 4 5
5 3 .  A n  a c t i v e  s u s p e n s i o n  o f  b a c t e r i u m  w a s  d e c a n t e d  
l e a v i n g  a  r e s i d u e  o f  f i n e  s o i l  p a r t i c l e s .  T h i s  s l u d g e  
w a s  d i v i d e d  i n t o  t w o  p o r t i o n s  a n d  t o  t h e s e  w e r e  a d d e d  
2 0 0 m l  1 0  M C P A  o r  1 0  P C P A  s o l u t i o n s .  T h e  s u s p e n s i o n s  
w e r e  c o n t i n u a l l y  a e r a t e d  i n  a  c o n s t a n t  t e m p e r a t u r e  o f  
2 5 * C .  T h e  t a b l e  s h o w s  c h a n g e s  i n  c a r b o n  d i o x i d e  
o u t p u t  a n d  o x y g e n  i n t a k e  o v e r  a  p e r i o d  o f  1 7  d a y s .  N o  
d e t o x i c a t i o n  o c c u r r e d  i n  e i t h e r  c a s e .
D a y  M C P A
p i  O g / h r  p i  C O g / h r
P C P A
p i  O g / h r  p i  C O g / h r
2 1 . 9 6 * . “  1 . 5 2 2 . 6 0 2 . 5 8
3 1 . 2 9 1 . 4 1 2 . 1 7 2 . 1 5
4 2 . 3 4 4 . 1 7 2 . 3 9 1 . 1 4
5 1 . 2 7 1 . 1 4 2 . 1 6 3 . 4 7
8 1 . 4 7 1 . 3 7 1 . 7 4 2 . 9 0
9 0 . 3 7 0 . 2 3 0 . 6 5 2 . 5 9
1 0 3 . 4 9 3 . 2 0 2 . 1 7 1 . 1 3
1 1 ———— 0 . 6 9 2 . 0 9
1 5 1 . 6 0 0 . 4 9
1 6 — — — 0 . 8 0 1 . 9 4
1 7 0 . 5 5 1 . 6 6 0 . 8 2 1 . 0 1
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5 4 .  H a e m o c y t o m e t e r  c o u n t s  o f  b a c t e r i a  i n  t h e  p e r f u s a t e  
o f  a n  e n r i c h e d  s o i l  f o l l o w i n g  t h e  a d d i t i o n  o f  2 4 D .  
P e r f u s a t e  s a m p l e s  w e r e  p i p e t t e d  i n t o  s m a l l  s t e r i l e  
s p e c i m e n  t u b e s  a n d  o n e  o r  t w o  c r y s t a l s  o f  m e t h y l e n e  
b l u e  a d d e d .  A f t e r  s t a n d i n g  f o r  3 0  m i n u t e s  a  d r o p  o f  t h e  
t h e  s a m p l e  w a s  p l a c e d  o n  t h e  g r i d  o f  a  T h o m a - H a w k s l e y  
h a e m o c y t o m e t e r .  T h e  c o v e r s l i p  w a s  p r e s s e d  d o w n  o n t o  
t h i s  d r o p  g i v i n g  a  f i l m  o f  0 . 0 2 m m  d e p t h .  T h e  n u m b e r  o f  
b a c t e r i a  i n  e a c h  o f  a b o u t  t w e n t y  s m a l l  s q u a r e s  o f  a r e a  
l / 4 0 0 s q . r n m .  w a s  c o u n t e d  a n d  f r o m  t h i s  t h e  n u m b e r  p e r  m l  
p e r f u s a t e  w a s  c a l c u l a t e d .
T i m e  i n  
h o u r s
L o g . n o . b a c t . / m l .
1 . 7 5 7 . 2 7
2 6 . 5 0 7 . 7 2
4 8 . 7 5 8 . 6 7
7 3 . 0 0 8 . 2 6
ns
5 5 .  H a e m o c y t o m e t e r  c o u n t s  o f  s u s p e n s i o n s  o f  b a c t e r i u m  
S y  i n  l i q u i d  m e d i a .
S i x  l a r g e  b o i l i n g  t u b e s  w e r e  s e t  u p ,  e a c h  c o n t a i n i n g  
b a s a l  m i n e r a l  n u t r i e n t  m e d i u m  p l u s  v a r i o u s  c o n c e n t r a t i o n s  
o f  2 4 D .  T h e  t u b e s  w e r e  i n c u b a t e d  a t  2 5 ° C ,  t w o  b e i n g  
c o n t i n u a l l y  a e r a t e d  ,  a  t h i r d  h a v i n g  n i t r o g e n  b u b b l e d  
t h r o u g h  a n d  t h e  r e m a i n d e r  b e i n g  n o n - a e r a t e d .  C o u n t s  o f  
t h e  n u m b e r  o f  b a c t e r i a o p r e s e n t  w e r e  m a d e  u s i n g  a  h a e m o ­
c y t o m e t e r  a s  d e s c r i b e d  i n  5 4 .  T h e  t a b l e  s h o w s  c h a n g e s  
i n  b a c t e r i a l  n u m b e r s  i n  t h e  v a r i o u s  c o n d i t i o n s  o v e r  a  
p e r i o d  o f  a p p r o x i m a t e l y  e i g h t  d a y s .  S l i g h t  s i g n s  o f  
d e t o x i c a t i o n  w e r e  n o t e d  i n  t h e  t u b e s  c o n t a i n i n g  1 0  2 4 D
u n d e r  a l l  c o n d i t i o n s  b u t  n o t  i n  t h e  r e m a i n d e r .
T i m e
h o u r s
A e r a t e d
L o g , n o  
1 0 " * g 4 D  
A e r a t e d  N o n -  
A e r a t e d
i .  b a c t . / m l
3 x 1 0 " ^  
N i t r o g e n  A e r a t e d
1 0  ^ 2 4 D  
A e r a t e d
0 . 5 8 . 5 8 8 . 4 6 3 . 5 6 8 . 5 9 9 . 2 6 8 . 4 7
6 . 5 8 . 9 1 8 . 9 0 8 . 3 6 9 . 2 5 8 . 8 6 8 . 8 3
2 6 . 5 8 . 7 3 8 . 4 2 8 . 4 3 8 . 5 9 ' 8 . 7 6 8 . 9 0
4 8 . 5 8 . 8 3 8 . 5 3 8 . 4 3 9 . 1 2 8 . 8 9 6 . 9 0
1 2 0 . 5 9 . 1 1 9 . 2 9 9 . 1 7 9 . 2 3 9 . 2 2 8 . 8 9
1 9 5 . 5 8 . 8 2 8 . 9 8 8 . 5 6 8 . 6 7 8 . 7 2 8 . 7 5
\1L,
5 6 .  E f f e c t  o f  2 4 D  o n  n i t r i f i c a t i o n  i n  t h e  s o i l .  
E x p e r i m e n t a l  m e t h o d  a s  d e s c r i b e d  i n  t e x t  p a g e  1 1 4 .
A p p l i c a t i o n s  
o f  a i f i m .  c h l o r i d e
D a y s  t a k e n  t o  
r e m o v e  a m m .  i o n s .  
N o  2 4 D  p r e s e n t
A B  0
1 1 0 1 0  1 1
2 4 4  6
@ 3 3  4
4 3 3  3
1 0 ' * " ^ 2 4 D  p r e s e n t .
5 4 4  7
6 6 4  7
7 5 5
ill
5 7 .  E f f e c t  o f  2 4 D  o n  t h i o s u l p h a t e  o x i d a t i o n  i n  t h e  s o i l .  
E x p e r i m e n t a l  m e t h o d  a s  d e s c r i b e d  i n  t e x t  p a g e  1 1 4 .
D a y ]  ^ M i s  0 . 0 0 3 N  s o d .  t h i o .  
e q i i i v .  t o  1 m l  p e r f u s a t e .
N o  2 4 D  p r e s e n t .
1 2 1 . 6 6
4 2 0 . 6 6
5 1 8 . 8 5
8 1 7 . 9 3
1 1 8 . 7 5
1 2 ( 0 . 4 0
( 1 7 . 5 0
1 3 1 . 0 5
1 4 2 4 . 8 2
1 5 2 . 4 1
1 8 2 2 . 4 5
1 9 9 . 1 3
2 0 0 . 3 8
v V i t h  1 C " ' ^ 2 4 D  p r e s e n t .
2 0 1 6 . 3 5
2 1 0 . 6 3
IS
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